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Through largely experimental research, this thesis addresses the problems faced by 
many undergraduate students in finding appropriate research materials for their 
academic work. Problems include identifying the best search terms to use with the 
various information retrieval tools and recognizing authoritative materials in the result 
sets. The problems are made more critical by the tendency for younger students to go 
straight to the Web because they have experience in using search tools such as Google 
and find the university-provided tools relatively difficult to use. The study also 
identifies at-risk groups such as those who lack digital literacies. 
 
The study set out to establish whether an educational tool that combined information 
literacy instruction with a web search facility would help undergraduate students find 
appropriate research materials and develop the information literacy understandings and 
skills required for university study.   A unique purpose-built tool, with embedded 
thesaural database, was developed and then a two-phase test was conducted.   There 
were three sub-questions in this research; can an online search tool improve student 
information seeking knowledge/skills, assist students with identification of search terms 
and assist with evaluation of appropriate research materials? 
 
The Phase 1 experiment was a pre-test/post-test experiment using a questionnaire. 
There were three pre-post research questions which participants were asked to 
answer providing search terms and any of the steps of information seeking and the 
criteria for recognizing the authority of found materials.  After collecting pre-test 
data that helped identify existing knowledge of the six steps of information seeking 
and authority of research material, the pre-test post-test data was to enable 






The post-test result of the Phase 1 experiment showed that 21.6% could identify 
some basic steps of information seeking whereas the pre-test result was 8.1%, 
representing an increase of 13.5%.  This is the level of increase in knowledge aimed 
 for in the research design however because of the sample size the findings are not 
conclusive.  Regarding the criteria for identifying the authority of found material, 
following the pre-test post-test comparison 44.4% addressed one criterion, four 
participants 22.2% addressed two criteria, 16.6% addressed three criteria and 22.2% 
addressed four criteria.  This shows an increase in the knowledge of recognition of 
authoritative materials. 
 
The Phase 2 group used the tool while the researcher, using talk-aloud protocols, 
collected information about participants’ tool use and their observations. Phase 2 
contributed to the study by students providing verbal input that they recognized the 
importance of using correct search terms. 
 
The experiment was unique, in embedding information literacy instruction in a web 
search tool, at point-of-need.  It provided positive responses to suggest that further 
research and development in this field would have important educational impacts. The 
small sample size indicates that the results lack statistical significance.  The thesis 
suggests ways to overcome the study’s limitations and to broaden the evaluation such 








1.1 Background to the Study - The Problem and its Significance 
 
The problem that this research is attempting to inform and address is that first, 
undergraduate students and students who are attending university for the first time 
experience difficulty in determining research terms for academic research, finding 
appropriate academic resources as well as finding too many unusable materials on the 
Web and furthermore students experience difficulty in recognizing authoritative 
research materials in their sourced results. 
 
In the American elementary school curriculum, in order to provide a solution to assist 
student information seeking it is compulsory through enhancing technology in 
education (United States Congress 2007) to teach children basic steps of information 
seeking.  
 
In Australian primary schools there has been a review conducted to examine the views 
of teacher, library and students on information retrieval for the purpose of addressing 
assignment questions and also to investigate the issue of information retrieval skills of 
students over time and subjects and how this affects weak students (Herring 2010).   
This is to ensure that on reaching high school, college and university they are fluent 
with their information seeking.  This thesis is based on the idea that the provision of an 
information literacy tool built into an online search tool followed by experimental 
research would demonstrate an enhancement of information seeking knowledge and 
skills amongst undergraduate students. It is intended that the research would also 





1.1.2 Undergraduate student problems in recognizing authoritative research 
 material 
 
When international, undergraduate or other new students enter university, they do not 
always have knowledge and ability to recognize materials suitable for citation in an 
academic document (Holscher & Strube 2000).  
 
Bias exists on many web pages and it is clearly important that information seekers learn 
not only to evaluate the authoritativeness of websites but also to develop information 
seeking experience and skills to find materials that are authoritative research materials.  
Undergraduate students need to be able to find authoritative materials that are being 
sourced from educational institution websites, informed by research, written by 
reputable academics, have a bibliography, are regularly updated and, provide the 
author’s contact details. 
 
As well as being able to recognize authoritative materials, learning the requirements 
and skills for evaluating found information is an additional problem for undergraduate 
students.  Although students progressing through the school system may be taught to 
evaluate search results, a number of undergraduates and new students are unfamiliar 
with acceptable standards and requirements of information found in university-level 
research material.  Holscher and Strube (2000) who researched differences between 
individual information seekers evaluation of web pages say that many did not know, for 
example, the difference between information seeking and browsing.  Information 
seeking is the act of deliberate use of search terms to find information whereas 
browsing is the act of clicking on links (without typing in search terms) and following 
them from website pages to other website pages.  Reih and Belkin (2000) researched 
the dimensions of information quality and information seekers’ cognitive abilities and 
found that many information seekers quickly open a new web page and make an 
immediate judgment of the value of the web site without proceeding to other pages to 





1.1.3 Undergraduate identification and development of appropriate search 
 techniques  
 
The identification of search terms and being able to use those search terms is not 
dependent on knowledge of digital tools and digital literacy skills as some students may 
be unable to identify or develop appropriate search techniques using computers 
(Navarro-Prieto, Scaife & Rogers 1999,   Weideman & Strumpfer 2004). 
 
Badke (2002) says that although educational institutions and students in many capitalist 
countries in the western world are often taught information literacy skills and the need 
for the ability to evaluate authoritative research material, this is not necessarily being 
taught in developing countries. To compound the problem, the use and ownership of 
computers both personally and organizationally in developing countries is not as 
prevalent as those in developed countries (Badke 2002). Thus, the problems addressed 
in this study are particularly acute for those students who also lack the required digital 
literacies. It is proposed that the development of an online digital information literacy 
tool may provide a solution for those who conduct research on the world wide web 
(Redfern 2004).  
 
Moreover, although universities in Australia provide information literacy sessions, 
there are some students who do not attend the classes and therefore miss the 
opportunity of taking advantage of recent technological advances in information 
retrieval tools.  Some of these advances are the use of tools such as Google Scholar, 
Webcasts and the use of IPods™. A question that could be asked is whether the 
information literacy skills taught at school are being geared to the university 
environment. 
 
Although researchers such as Monerero, Fuentes and Sanches (2000) and Tabatabi and 
Luconi (2004) have investigated student information seeking behaviour seeking on the 
www, and Holman (2010) examined students’ mental models of information searching, 
there appears to be no mention of student knowledge of information seeking nor did 
Holman (2010) mention the use of specific computer technologies to aid information 
seeking in academic literature.  Although Tabatabi and Luconi referred to student use 
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of the www, there is no indication of future use of www educational technologies and 
the adjustments that students may have to make. 
 
The research suggests that students conceptualize research, especially tasks associated 
with seeking information, as a competency learned by rote, rather than as an 
opportunity to learn, develop, or expand upon an information-gathering strategy which 
leverages the wide range of resources available to them in the digital age. 
 
Until this research was undertaken, there appears to have been no purposeful 
development of an online search tool that engaged students with a hands-on-learning 
environment to improve their skills in information seeking. By conducting an 
experiment within the lifelong learning paradigm of students using the tool developed 
and built for this experiment, it is hoped that the resulting data will add to the 
knowledge of student information literacy.  Additionally, it may show whether the 
preferred way to teach information literacy knowledge and information seeking skills is 
by teaching skills in school by rote, encouraging students to change their information 
seeking behaviour or providing them with an online tool that informs students of the 
steps of information seeking and the means of evaluating found information.  
 
Throughout the last ten years, technological development in the fields of entertainment 
and media have undergone significant change however, it does not appear that the 
education sector has matched these changes, although there have been improvements in 
engineering and development of new digital tools, some of which are used in education.  
These newly developed or enhanced tools include learning management systems such 
as Blackboard which has a suite of educational products such as Blackboard Learn.  
The relevance of Blackboard Learn to information seeking is that, besides Blackboard 
Learn providing a suite of educational tools, it also provides a search facility which 
focuses on accessing information and online social communication whilst using 
tutorials and guides and information seeking (Blackboard 2010).  There is a degree of 
adoption of these technologies in some educational institutions but with the growth of 
electronic databases and the lack of familiarity with some of these tools and the design, 
for some students, these tools can be confusing. Consequently, some students, because 
they are more familiar with the www, sometimes resort to using only the www to assist 
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with finding relevant information to suit their needs or research question (Ellis & 
Salisbury 2004, McNaught, Phillips, Rossiter & Winn 2000 and, Redfern 2004). 
 
Researchers have investigated key aspects and conducted evaluations of single and 
multiple searches.  Specific elements within single searches have identified search 
term selection and differences between search strategies and techniques.  A study of 
the information seeking skill behaviour of freshmen at Michigan State University 
was conducted by Matthews and Wiggins (2001).  The study revealed that most 
freshmen were familiar with the www before attending university and once 
undertaking scholarly research in higher education, those freshmen still mainly 
utilized the www and specifically Google.  Additionally, the students also held the 
belief that if information could not be found in Google then the information did not 
exist. Therefore, this indicates to me that those freshmen have either not been taught 
information seeking skills or simply choose to not practice those skills when using 
the internet or may use Google or some other web site through habit 
 
Because there is a lack of student knowledge of the basics of information seeking 
accompanied by a lack of student understanding of recognizing authoritative research 
materials, there appears to be a need for a solution. In the first instance, students require 
assistance to overcome difficulties that result in the use of the www to source academic 
materials and secondly, to help them judge whether the sourced materials are 





1.2 Research Problem 
 
There is an unwritten assumption that undergraduate students entering universities will 
know how to use the internet, libraries and digital services, and that students’ 
information seeking is ‘an efficient and easy process’ (Debowski 2001).  However 
research conducted by Badke (2002) indicates that students face many obstacles.  
Undergraduate students must be able to not only recognize the level of authority of 
materials but also to know where they may be found.  Accordingly, some students 
commence higher education with inadequate information seeking skills.  Vise (2009) 
also says that students struggle with finding and using appropriate academic literature.  
 
On the www, this is made more difficult by the large number of hobby, commercial, 
political or organizational web pages that are unrelated to the task and may also exhibit 
bias. It is also worthwhile adding that since this doctoral research began research has 
suggested there are continuing problems for undergraduate students e.g. Head and 
Eisenberg (2009). 
 
In preparation for academic studies, skills needed by undergraduate students are now 
being taught within high school and college curricula to help prepare students for 
advancement to university or further education.  Although these skills place a strong 
emphasis on using computers for research to help prepare students for advancement to 
university or further education, there are still some new students who are ill-prepared to 
conduct online searches and may be unskilled with recognizing the appropriateness of 
academic materials. These students may be mature aged or may not have progressed 
immediately from college or high school to university or they may be international 
students from countries with education systems in which digital technologies are not 
prominent. 
 
Briguglio (2000), Lacina (2002) and McClure (2001) are of the opinion that for both 
domestic and international students, language is the primary challenge.  Ding, 
Chowdhury and Foo (2000) add to the argument by saying that because of differences 
in methods of interrogation, the lack of recognition of appropriate search terms and the 
lack of consistency in terminologies, there are novice searchers who experience 
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difficulties using databases, library catalogues, online journals and the www.  This 
creates an inefficient and time-wasting experience. Although using electronic media 
and using the www for research is often assumed to be efficient and easy, for 
undergraduate students this is not necessarily correct.  Because of the differences in 
software design and their appearance, various information retrieval tools such as library 
catalogues, subscription databases, search engines and directories found in many 
electronic search systems can become substantially complex. 
 
In order to simplify the identification of search terms, the information seeker must be 
able to identify core concepts and develop a strategy to effectively retrieve information.   
For the experienced researcher this may not be difficult but for the novice researcher, 
such as undergraduate or international students, it can be quite onerous and complicated 
by materials that are inadequate or provide results that can divert researchers from their 
required path. 
 
1.3 Aims and Objectives 
1.3.1 Research Aim 
 
In Australia, although some schools teach children information literacy skills, there are 
some students who are further progressed in their school years who have missed out.  
Some students have been through high school and college and entered universities 
without a basic knowledge of information seeking. Therefore, by designing and 
building an information literacy computer tool that embeds commonly accepted steps in 
information seeking in a web tool for students will assist students develop information 
literacy understandings and skills.  
 
Because information seekers are unclear when establishing search terms and also prefer 
to search on the www using a proprietary search tool such as Google (Matthews & 
Wiggins 2001; Jansen, Spink & Saracevic 2000; Marchionini 1995; and Redfern 2004), 
it was observed at the University of Canberra that students were experiencing 
difficulties in finding relevant information to answer research questions.  After using 
subscription databases, they resorted to using a general purpose online search tool or a 




Observation of student information seeking difficulties at the University of Canberra 
led to the development of an online tool to make academic research easier for students.  
It was seen to be advantageous if the tool were to be balanced between subscription 
databases and generic online search tools, easy to use and intuitive. Limiting 
information seeking to a single technology could result in finding a less than adequate 
number of appropriate materials for academic use in assignments.   
 
Therefore this less than optimal result may be averted by using a selection of tools such 
as subscription databases, digital library catalogues, search engines and so on.  
With more tools being utilized, this will result in a larger number of sources which 
leads to a larger number of appropriate materials that may be used for academic 
research. 
 
Because some undergraduate students experience difficulties using online academic 
tools such as subscription databases and their problems are based in determining or 
establishing search terms, finding appropriate academic materials and/or also have 
difficulty recognizing the appropriateness of academic materials, and because the 
majority of students prefer to search for information on the www, then it was 
considered appropriate to develop a web based tool that would first inform students on 
the steps of information seeking and the criteria for recognition of appropriateness of 
academic materials and, second, help them develop search terms.  Because some 
international students experience both language and search term selection issues of 
concern, it is logical that the tool should also be as easy to use as possible. 
 
Of academic research, Large, Lucy, Tedd and Hartley (1999) say that in order to 
produce comprehensive results barriers must be removed to finding information.  
Marchionini (1995) says that students take the easiest path to find academic materials 
and often use the www to source those academic materials.  However, the quality of the 
materials sourced from the www is not always appropriate for academic citation.  The 
development and building of the tool for this research and experiment was designed to 
remove barriers and to work within a lifelong learning and constructivist paradigm.  
The lifelong learning paradigm of learn-by-doing was at the forefront of the tool’s 
design because if students experience difficulties in using electronic databases and 
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instead turn to an online tool that is proprietary (commercial business that benefits 
financially by providing advertising) because of its ease of use, then it is deemed 
sensible to design the proposed research tool for ease of use whilst being informative 
and enhancing information literacy. 
 
Once it had been determined other similar tools did not exist, a study was conducted in 
the University Library to investigate further and to ascertain if the previous 
observations were correct and whether these observations and the researcher’s personal 
experience were common amongst other students.  Following the library study three 
underlying objectives were identified prior to the development of a www tool to 
address the issues.  
 
The first underlying objective was to provide an online tool to aid and teach student 
information seeking skills; the second was to provide a subject based tool for searching 
on the www; and the third was to develop a teaching tool to help students identify 
search terms for their subject area and also to help them evaluate the appropriateness of 
found materials for academic research. 
 
It was then intended to test whether the online tool when developed would show 
student learning to be more focused when appropriate information is retrieved and to 
provide a learning environment for information seekers. 
 
The objective of the research was to develop and test an online core concept subject 
specific thesaural database in an online search tool which would not only inform 
students about the basic principles of information seeking but also enhance their 
knowledge of subject core concepts.  Additionally, because of the lack of consistency in 
terminology in using databases, library catalogues, online journals and the internet, it 
was also an objective to assist students to overcome the difficulty they experience in the 
recognition of appropriate search terms and various methods of interrogation. Although 
the focus is a web based tool, the aim is that the understanding it helps develop will be 






1.3.2 Research Question 
 
The research problem is being address by examining past research, which will be 
examined in the literature review, and embedding an online core concept subject 
specific thesaural database in an online search tool and conducting an experiment with 
students who enrolled in an appropriate subject, International Studies Foundations.  For 
the experiment, the student participants will be using the newly developed online search 
tool, which includes the steps of information seeking and a list of criteria to help 
recognize the appropriateness of online resources for academic use.  This combination 
of past research and current experiment is expected to answer the research question 
‘Can student information literacy knowledge and skills be improved by the use of a 
specific online educational tool for finding relevant research information on the world 
wide web.’  This main research question was intended to help determine if the use on 
an online search tool which shows the six steps of information to the participants while 
they perform an online search will help with their search methodology and processes.  
 
There are three sub-questions: 
1. Can an online search tool improve student information seeking 
 knowledge/skills? 
 
2. Can an online search tool assist students with identification of search 
 terms? 
 
3. Can an online search tool assist students with evaluation of appropriate 
 research materials? 
 
The first sub-question ‘Can an online search tool improve student  information seeking 
knowledge/skills’ is intended/expected, to show whether a purpose built tool for student 
use while conducting an online search for authoritative information will help improve 
student knowledge and/or skills when information seeking. 
 
The second sub-question ‘Can an online search tool assist student with identification of 
search terms’ is intended to show whether a purpose built tool for student use while 
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conducting an online search will help the student determine appropriate search terms 
before undertaking a search.. 
 
The third sub-question ‘Can an online search tool assist students with evaluation of 
appropriate research materials’ is intended to determine if a purpose built tool for 





Education has changed substantially over the past twenty or thirty years.  This change 
has been driven by the rapid development of digital technology, systems technology 
and especially the growth of computers in education.  The provision of educational 
services and the change in the socio-cultural, socioeconomic and socio-political 
environment worldwide has had a major effect on the provision of education services.   
 
In Australia the changing landscape of citizen workplace environments and working 
hour arrangements have also altered significantly.  This alteration has taken place 
incrementally in the primary, manufacturing and corporate areas and has resulted in 
fewer full time positions.  Additionally, there are fewer blue collar workers and less 
stability in employment due to the decrease in full-time jobs and an accompanying 
increase in casual and part-time positions.  This situation has led to a ‘work smarter not 
harder’ ethos that is driving more citizens of employment age to upgrade their 
education in order to situate themselves in a better position to gain employment 
(Marginson 1997). 
 
This alteration in the social and cultural mores of Australian society has resulted in 
decreased time for relaxation and educational pursuits.  With increasing numbers of 
people who are undertaking further education and attending classes, lectures and 
tutorials, it is important that their time has to be judiciously managed.  Additionally, 
continually rising costs of educational services are accompanied by limits on the 
amount of time available to students due to the aforementioned altered employment 





To remain competitive, educational institutions, especially universities, are providing 
more courses via flexible delivery.  Flexible delivery involves the provision of classes 
and tutorials outside the 9am to 5pm, Monday to Friday, spectrum.  Classes and 
tutorials are accompanied by various forms of digital technology that are employed to 
support the paradigm of twenty-four hour availability of classes and by provision of 
academic materials such as online communications and library services.  To ensure 
positive learning outcomes are achieved, students must be able to use online 
information seeking tools effectively and to become digitally literate and skilled whilst 
using the increasing number of electronic databases being installed by academic 
libraries.  
 
As the number of digital tools and computer systems to support flexible delivery 
programs is increasing, universities, particularly through academic libraries, are 
providing training in the use of their online facilities.  However, the design of these 
computer technology tools make them difficult to use and users could find them 
confusing (Danino 2001). 
 
Although the purpose of universities are to educate people further our workforce 
resource and to build Australia into an educated and informed society and in turn to aid 
our economy it is also all educational institutions to produce graduates that are 
information literate and who are able to undertake a path of lifelong learning.  When 
children progress from primary school to high school, college and university, it is 
expected that the knowledge and skills are transferred with the student as they progress 
and this is what educators are aiming for, positive graduate outcomes.  In turn is a 
driver for lifelong learning as student skills learnt will be transferred throughout the 
progress of their lives and enhance the paradigm of education market economies and 
the knowledge society. 
 
There is scant research evidence first, on the development of such a technological tool 
for educational use as an academic search tool and secondly, on an online educational 
tool that informs/educates students on basic steps of information seeking and the 
elements that indicate what online materials are appropriate for academic research.  It is 
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believed that the approach of this research is taking a novel approach and this will be 
explored in Chapter 2. 
 
The design, development and production of a combined tool that provides students with 
subject core concepts and teaches information seeking skills while instructing on the 
components that determine an academically acceptable document and simultaneously 
searching the www for academic materials, could contribute valuable research benefits 
not only to students but also to education more broadly.  Furthermore, because the tool 
has been specifically developed for education, and is able to be used to educate 
undergraduate students, those students will become more confident and proficient using 




There are five terms defined in this section: Information Literacy, Information Seeking, 
Digital Literacy, Information Seeking Process and Authoritative (that which constitutes 
authoritative material).  These five terms will be used frequently in this research and 
thesis.  
 
There has been considerable debate over a number of years about what is and is not 
Information Literacy and what constitutes an information literate person.  When the 
term Information Literacy is being used in this thesis it is being defined as the act of/ 
and ability to recognize information need, use, evaluate and assess resources using non-
digital tools, and to measure outcome effectiveness.  It is important to note that this 
research and thesis distinguishes a difference between information literacy and digital 
literacy.  Information literacy involves using only textual based tools for research.  In 
contrast digital literacy involved using computer technology digital tools such as 
electronic databases and online resources.  The term information seeking is also used in 
this thesis and is defined as; ‘The act of individual/s requesting, searching and then 
accessing information for pre-determined content’.  Therefore, information seeking is 
an act performed by an individual however in performing this act information seekers 






Below is a collection of definition of information literacy, information seeking and 
digital literacy accessed from various resources. 
 
Of Information Literacy, the Bruce (1997) definition is lengthy and involved and is 
reflected in an information literacy model the ‘Seven Faces of Information Literacy’ 
and they are; 
 
…using information technology for information retrieval and communication, 
…finding information located in information sources, 
…the ability to confront novel situations, and to deal with those situations on 
the basis of being equipped with a process for finding and using the necessary 
information, 
…using various media to bring information within the [the information user’s] 
sphere of influence, so that they can retrieve and manipulate it when necessary, 
…evaluation and analysis to build up a personal knowledge base in a new area 
of interest, 
…working with knowledge and personal perspectives adopted in such a way 
that novel insights are gained and, 
…placing information in a larger context, and seeing it in the light of broader 
experience, for example, historically, temporarily, socio-culturally. 
 
The above definitive faces are more about abilities cognition and processes rather than 
a definition of information literacy. 
 
The University of Idaho Information Literacy Portal states that Information Literacy is: 
 
… the ability to identify what information is needed, understand how the 
information is organized, identify the best sources of information for a given 
need, locate those sources, evaluate the sources critically, and share that 







Plattsburgh State University of New York states that Information Literacy is; 
 
…the ability to recognize the extent and nature of an information need, then to 
locate, evaluate, and effectively use the needed information (Plattsburgh State 
Information and Computer Literacy Task Force, 2001). 
 
This statement has been adopted from the United States Literacy Frameworks. It is also 
worthwhile noting that it is also similar to the Bruce (1997) statement/definition. 
 
The University of Queensland (UoQ) (2010) has also based its definition of information 
literacy on the United States Information Literacy Frameworks.  UoQ states their 
definition of Information Literacy as: 
 
Information literacy is a set of abilities requiring individuals to "recognize 
when information is needed and have the ability to locate, evaluate, and use 
effectively the needed information. 
 
The Australia and New Zealand Institute for Information Literacy (ANZIIL) does not 
define the term Information Literacy however they say: 
 
Information literacy is an intellectual framework for recognising the need for, 
understanding, finding, evaluating, and using information. 
 
ANZIIL defines an information literate person as one whom: 
 
…recognises when information is needed and has the ability to locate, evaluate 
and use effectively the needed information. 
 
Webber and Johnston (2000) say that an Information Literate person is one who is:   
 
…able to recognize when information is needed and have the ability to locate, 





The University of Calgary Library states the abilities of an information literate person 
are: 
… to recognize the need for information; to know how to access information; to 
understand how to evaluate information; to know how to synthesize 
information; to be able to communicate information.  An information literate 
person recognizes the different levels, types and formats of information and 
their appropriate uses. The ability to place information in a context and an 
awareness of information access issues. 
 
Although academic experts, researchers and organizations such the United States 
Department of Education, University of Idaho, Plattsburgh University of New York, 
Webber and Johnstone, University of Calgary Alberta Canada and ANZIIL have placed 
their definitions of the term Information Literacy and what is an information literate 
person, this thesis, in undertaking to be brief yet precise provides a different statement 
defining Information Literacy as: 
 
The act of/and ability to recognize information need, use, evaluate and assess 
resources using non-digital tools, and to measure outcome effectiveness. 
 
In this research and thesis this stated definition of information literacy (which also 
refers to an information literate person) will be used throughout to reflect the use, act 
and practice of recognising and finding information using text and print based 
materials.  A number of academics, researchers and educational institutions and 
libraries, in order to find  exactitude when defining meaning of terminology those 
definitions can sound convoluted and fail to be plain and easily read and understood.  
The reason for developing another definition is because in order to qualify with 
exactness the definition of terms, she has attempted to define terminologies with an 






Of Information Seeking¸ Kingrey (2002) says that: 
 
The term information seeking often serves as an umbrella overarching a set of 
related concepts and issues. In the library world, discussions of database 
construction and management, community information needs, reference 
services, and many other topics resonate with the term. Yet, a single, 
serviceable definition remains elusive. 
 
Kingrey (2002) continues to say that the term Information Seeking is: 
 
…used to denote experiences or situations in which content is accessed, used, 
and synthesized into personal knowledge.  
 
Although Kingrey proposed this definition in 2003, Carole Kuhlthau whilst referring to 
Information Seeking Behaviour as at May 2011 still prefers to use Kelly’s 1996 
definition which is: 
 
Information seeking involves construction in which the person actively pursues 
understanding and seeks meaning from the information encountered over a 
period of time.  
 
Tom Wilson instead of using the term Information Seeking, prefers to refer to models 
and use the term Information Seeking Behaviour. Spink and Wilson (1999) say 
Information Seeking Behaviour is: 
 
Statements, often in the form of diagrams, that attempt to describe an 
information-seeking activity, the causes and consequences of that activity, or 
the relationships among stages in information-seeking behaviour. 
 
Throughout this research there is a difference between information seeking and 
information seeking behaviour.  Information seeking is the process in which an 





Information seeking behaviour is how information seekers behaves and react and feel 
about the tools they use in the process of information seeking.  
 
Higher education places a strong emphasis not only on encouraging and promoting the 
text-based literacy and comprehension of incoming undergraduate students, but also on 
the expectation of a level of competence with digital literacy.  
 
Cornell University in the United States defines Digital Literacy as: 
 
…the ability to find, evaluate, utilize, and create information using digital 
technology.  
 
Wikipedia (2011) defines Digital Literacy as: 
 
Digital literacy is the ability to locate, organize, understand, evaluate, and 
create information using digital technology. It involves a working knowledge of 
current high-technology, and an understanding of how it can be used. 
 
The FreeDictionary (2008) defines Digital Literacy thus: 
 
Digital literacy is the ability to locate, organize, understand, evaluate, and 
create information using digital technology. It involves a working knowledge of 
current high-technology, and an understanding of how it can be used. 
 
However a more workable definition of Digital Literacy comes from a speech made by 
Lesley Osborne from the Australian Media and Communications who uses Livingston 
(2004) definition.  The definition is: 
 








The above definitions of Digital Literacy are stated using language and phraseology 
that can also be used for information literacy, but with the addition of the word 
‘digital’. 
 
The University of Information Technology cite Jones-Kavalier and Flannigan (2006) 
for their definition of Digital Literacy as: 
 
…a person’s ability to perform tasks effectively in a digital environment it 
includes the ability to read and interpret media (text, sound, images), to 
reproduce data and images through digital manipulation, and to evaluate and 
apply new knowledge gained from digital environments…the most critical of 
these is the ability to make educated judgments about what we find online.    
 
Kavalier and Flannigan (2006) have made the above statement related to the digital 
environment however, they also equate the task of digital literacy as being involving 
digital manipulation.  It is an expressed opinion in this research that manipulation of 
digital images is not so much a component of digital literacy as digital manipulation is a 
process. 
 
However, in obtaining a consensus on the term Digital Literacy, there are a number of 
variations which has been examined for this research. As mentioned above, according 
to Kavalier and Flannigan digital literacy also involves the manipulation of digital 
images, Cornell University sees digital literacy in a similar way to ANZIIL, the United 
States Information Literacy Frameworks and Bruce (1997) and others. 
 
Because the above definitions and viewpoints have been taken into account a composite 
of the above viewpoints to define the term Digital Literacy to mean: 
 
The act of/and ability to find, utilize, create, use and evaluate digital 







This above definition will be used thorough out this research and thesis when referring 
to Digital Literacy.   
 
Information Literacy and becoming information literate has been paramount in 
education before digital technologies had been invented.  Information Literacy and 
Digital Literacy are two separate entities. Information Literacy is the learning and 
practice of using skills and increasing knowledge of text based technologies and Digital 
Literacy is the practice of using skills and increasing knowledge of digital technologies. 
 
The Kingrey (2002) definition of Information Seeking is being used as a base for the 
development of an alternative definition of Information Seeking Process.  Thus, the 
definition of Information Seeking Process for this research is:  
 
The process of using digital or non-digital devices to source, find, access and 
evaluate information.  
 
The term Authoritative is used widely in this thesis.  Authoritative materials found in 
academic research are a core factor and influence on the quality of research and 












Information Literacy The act of/ and ability to recognize information need, use, 
evaluate and assess resources using non-digital tools, and to 
measure outcome effectiveness. 
Information Seeking The act of individual/s requesting, searching and then 
accessing information for pre-determined content 
Digital Literacy The act of/and ability to find, utilize, create, use and evaluate 
digital information and resources using digital tools, and to 
measure their effectiveness. 
Information Seeking 
Process 
The process of using digital or non-digital devices to source, 
find, access and evaluate information. 






1.3.5  Information Matrix 
 
In order to provide clarity and understanding of the relationships between the terms 
Information Literacy, Digital Literacy, Information Seeking Process and, Information a 




Figure 1: Information Matrix 
 
Figure 1 shows the relationship between Information Literacy and Digital Literacy and 
their independency from each other.  Although they both are connected to Information 
Seeking, which is connected to Information, both Information Literacy and Digital 
Literacy are separate entities that use Information Seeking as a conduit to Information. 
 
Although Information Literacy is similar to Digital Literacy, digital literacy does not 
have a strong influence on this research and thesis since the main focus is Information 
Literacy. The experimental component of this research has been conducted using digital 













1.3.6 Thesis Structure 
 
Chapter 1 (this chapter) provides an introduction to the research which has provided a 
background to the study and its significance which relates to undergraduate students 
difficulties with recognizing authoritative research material and, appropriate search 
techniques when using computers for  academic research.  This is followed by the 
statement on the research problem, aims and objectives, the research question and, the 
significance of the research.  Following this is detailed terminology used in this 
research as well as the thesis structure. 
 
Chapter 2 is the literature review. The literature review commences with information 
literacy frameworks followed by the specific problems undergraduate students face in 
information seeking an evaluation (including students whose first language is not 
English), information seeking process and information seeking behavior, current 
educational tools that address the information literacy problems of undergraduate 
students (such as PILOT and Web-Ezy in the Australian context) and a discussion of 
where this study fits into and contributes to our knowledge of this field of education. In 
particular, it identifies the gap that this research is attempting to address, which is the 
need for alternative web solutions to assist students and specifically for online search 
tools to assist students with learning to develop subject search terms and to evaluate 
online materials appropriate for academic use.  
 
Chapter 3 provides the theoretical framework, research methods and the research 
design.  Broadly, the data that was being attempted to gather were participant 
demographics, current literacy and language skills, existing knowledge of the steps of 
information seeking and, existing knowledge of the criteria for authoritativeness of 
research material.  Additionally, because there was insufficient data collected from the 
initial experiment, at a later date a second set of data was collected with additional 
participants. 
 
Chapter 4 details the theoretical design, system development, functionality and 
purposeful design of the core concept thesaural database and online search tool.  It 
outlines the theory that precedes the building of the tool (Rootza) as well as the web 
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page development.  Also included are search engines and strategies and the building of 
the online search tool software from conception until the final product was produced.  
In brief, this chapter’s focus is what the tool does and how and why it works – in other 
words, how it is hoped such a tool will benefit undergraduate students and others who 
need to develop information literacy understandings and skills. 
 
Chapter 5 provides the presentation of the statistical data to address the research 
findings for both Phase 1 and Phase 2 of the study.  It provides the quantitative and 
qualitative results for Phase 1 as well as including demographics, thoughts and opinions 
of the participants and the statistical results of the experiment as well as Phase 2.  Data 
was collected by using pre and post test questionnaires during the experiment.  Besides 
demographical information, participants were asked to write down as many research 
steps they could and also select one out of four research questions on the questionnaire 
and indicate what search terms they would use or construct for an online search.  
Participants were also asked to write down how they would recognize whether online 
material would be authoritative research resources.   Lastly, upon completion of finding 
online material they considered to be authoritative for research, participants were asked 
to print a copy of the web page and this was then collected and evaluated and measured 
for its authority as research material. 
 
Chapter 6 is the discussion and conclusion and provides a summary of major results of 
the experiment as well as a discussion of the experimental results in terms of 
information and digital literacy, the information seeking process, information seeking 
behaviour and digital technologies and the www, information seeker evaluation of web 
pages and implications for teaching information literacy. It also includes implications 
of the research, limitations of the study, recommendations for future research, 





2 Literature Review 
2.1     Outline 
 
The focus of this literature review is Information Literacy and the problems 
educationalists encounter with undergraduate student information literacy standards.  
As students have progressed from primary to high school/colleges and university 
some have not fully embraced and adopted effective information seeking skills.  
These skills include being able to effectively develop search terms and evaluate 
online materials for the appropriateness for citing in academic papers.  
 
Reasons for the lack of student information seeking skills can vary from lack of 
interest to being absent from the education environment for a long time if they have 
been in the workforce for a number of years.   Research and development reported in 
the literature attempts to address the problem by offering solutions such as 
recommending online tutorials and teaching aids and addresses their level of success 
and whether enough has been done to tackle the problem.  In some of the tools a 
lifelong learning approach may be evident in the paradigm of learning.  Student 
information seeking behavior and the research questions are also being considered, 
reviewed, evaluated and discussed. The literature review will identify gaps in the 
research and point to a solution that will contribute to educational research.  
Additionally, some of the problems this research and literature review address are 
not only concerned with Information Literacy and information seeking but also with 
student use of digital technologies. Although not central to this research, digital 
literacies will need to be factored in. 
 
It is the intention in the literature review to: 
 
 Examine past research and recommendations and developments in the field 
of information literacy; 
 determine the previous research and development related to information 




 determine the current status of development of online digital solutions for 
teaching information literacy; and 
 determine whether digital tools can assist students to ascertain the authority 
of online materials. 
  
The literature in the field of information literacy and student relationships with 
information seeking is extensive as is the use of digital technology and how students 
use these tools to serve their information literacy needs. Information Literacy literature 
categories being examined are: Information Literacy Frameworks and Standards; 
Models of Information Literacy; Learner Theories; Constructivism; International 
Students and Information Literacy and; Language, Speech and Terminology.  
 
The significance of this research is founded on the development of a digital solution to 
address the issues of student inadequate knowledge of information seeking and the 
ability to recognize online materials as being authoritative.  The research problem has a 
focus on student ability to use search tools quickly and easily however, some there is a 
preference for quick and easy methods which may result in taking short cuts which can 
result in and compromise the quality of the materials and information found.  Because 
there are a large number of international students from non-English speaking 
geographical areas such as Africa, the Middle East and Asia, who typically lack 
confidence and expertise using English, this literature review will also address language 
issues which may cause academic difficulties for these students.  Thus, this literature 
review under the auspices of Information Seeking Behaviour also examines: 
Information Seeking Skills; Information Seekers and Authority of Online Materials 
and; Information Seeker Evaluation of Web Pages. 
 
Because the first research aim and objective of this research was to provide an online 
tool to teach students information seeking skills and to test the tool for its effectiveness 
in overcoming the difficulty in recognizing appropriate search terms, the literature 
review will inform on previous empirical research on online tools for teaching 
information literacy.  The aim of developing a teaching tool for core concepts for this 





The literature being examined includes: Human Computer Interaction; WWW 
Information Seeker Behaviour; WWW Information Seeker Cognitive Processes; WWW 
Information Seeking; WWW Query Success; Information Seekers and Authority of 
Online Materials; Information Seeker Evaluation of Web Pages; Information Seeker 
Evaluation of Authoritative Materials; and Digital Literacy Tools.  
 
The examination of established approaches to IL education such as PILOT will assist, if 
not illuminate, the benefits of the provision of alternative search tools for enhancing 
information literacy whilst providing an alternative method of searching on the www.  
If alternative tools such as PILOT are implemented into the curricula this may become 
a lifelong learning paradigm in action as it involves the way students are engaged in 
learning whilst using a different educational tool.  Provision of current information on 
online tools available as well as an analysis of IL educational tools, will have 
implications for this thesis argument for the development for further online tools to 
enhance information literacy. 
  
The literature in the field of information literacy and student relationships with 
information seeking is extensive as is the use of digital technology and how students 
use these tools to serve their information literacy needs. This literature will inform 
the reader of previous research conducted on these issues as well as the place that 
digital technology plays in educational information seeking.  The problem is one of 
teaching students’ information literacy specifically digital literacy skills to those 
who, in their educational journey, have not learnt these skills because of generational 
or cultural issues. 
 
The review will not only outline the state of knowledge about undergraduate 
information problems, how they have been addressed and how well they have been 
addressed, but also forms the basis for the educational tool proposed in this thesis 





Literature Review Issues Being Addressed 
 
The following are the main topics reviewed. 
 
(2.2) Information literacy and IL frameworks 
 
The starting point for the review is the state of knowledge about information literacy 
and the IL frameworks that have informed research and development. This will not 
only illuminate the thinking underlying current educational tools and the 
understandings and skills expected of undergraduate students, but also help to explain 
the basis of the educational tool developed for the purposes of this study. 
 
(2.3) Undergraduate student problems in finding and evaluating research   
 
Some factors to be examined regarding the problems undergraduate and international 
students experience in finding and evaluating research will include; development of 
search terms, information seeking skills, search techniques and processes, keyword 
selection, natural language, use of electronic databases, and information seeking tools, 
including search engines and web pages.  Difficulties international students experience 
is also included. 
 
 (2.4) Information seeking behaviour 
 
This section takes a broader approach to information seeking and the evaluation of 
research material, once it has been located. It examines relevant literature on 
information seeking behavior and the conceptual processes involved in information 
seeking behavior. It also considers related research such as the evaluation of web pages 
for authoritativeness. 
 
(2.5) Studies and evaluations of various solutions 
 
This section will focus on solutions and will include topics such as search engines, 
natural language searching, electronic databases and Library of Congress Subject 
Headings, information literacy instruction and concept based instruction.   




 (2.6) Summary and contribution of this research 
This section considers the state of knowledge and specifically shortcomings in the 
research studies, including design and search process and education tools. It outlines 
the gap in the research that this project will address.  
 
2.2   Information Literacy and IL Frameworks 
 
An information literate person is not only one who is able to utilize information 
seeking tools, but also able to understand what it means to be information literate.  
According to the ANZIIL statement (2007) an information literate person is one 
who: 
…recognizes when information is needed and has the ability to locate, 
evaluate and use effectively the needed information. 
 
Griffiths and Brophy (2005) produced research showing that information seekers 
using electronic databases, the internet and the www all prefer to use the fastest 
methods possible. 
 
Information literacy instruction has increasingly grown in education over the past thirty 
years.  The growth has been accompanied by theoretical and practical responses in the 
form of increased development and implementation of initiatives that further the 
student knowledge and expertise.  Webber and Johnston (2000), in examining the 
concept of information literacy and the associated perspectives and implications, 
provide a definition of an information literacy skilled person as being: 
 
…able to recognize when information is needed and have the ability to locate, 
evaluate, and use effectively the information needed. 
 
In information literacy, the emphasis is on the individual person being able to carry out 
the tasks of recognizing when information is needed and being able to access and use it 
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for their intended purpose. It is considered more time economical if information seekers 
become proficient as quickly as possible by being instructed in information literacy.  
 
A similar definition of information literacy is Doyle’s (1992), which states that an 
information literate person also:  
 
…recognizes that accurate and complete information is the basis of intelligent 
decision making, identifies potential sources of information, develops successful 
search strategies, assesses sources of information including computer-based 
and other technologies, evaluates information, organizes information for 
practical application, integrates new information into an existing body of 
knowledge and, uses information in critical thinking and problem solving. 
 
Lennox and Walker (1993) characterize an information literate person as someone able 
to analyze and critically reflect on the formulation of search questions and evaluate 
results.  Additionally important is that they have the skills of being able to use a variety 
of information seeking tools.   
 
An information literate person as described by Doyle (1992), Lennox and Walker 
(1993), Goetsch and Kaufman (1998) and Webber and Johnston (2000) has gone from 
being able to recognize information need, and is able to locate, evaluate and use 
information effectively in a literacy system.  
 
Although the term ‘information literacy’ appears a most often used term, Goetsch and 
Kaufman (1998) prefer the term ‘information competency’ however the term 
‘information competency’ is more closely related to physical skills of information 
seeking using tools such as computers and books rather than the cognitive skill of 
evaluating resources and therefore has not been widely adopted in this study.  The 
Goetsch and Kaufman (1998) ‘information competency’ is an overarching term that is 








In addition to the information literacy skills already outlined, the Association of 
College and Research Libraries (ACRL) Information Literacy Competency Standards 
for Higher Education (2000) in the United States also place emphasis on a person’s 
understanding of the legal and social issues surrounding the use of information and its 
ethical use. 
 
Gratch (1992), states that previous knowledge on behalf of the information seeker, and 
an attitude of persistence and an ‘eye’ for detail is also important.  Gratch (1992) adds 
that when information literacy is being promoted in educational institutions, an 
appreciation of the various forms and formats such as newspapers, digital and online 
information must be taken into account. 
 
Two prominent designers of information literacy models are Kuhlthau (1995) who 
developed a six stage model and Bruce (1997) who developed a seven face model. 
Bruce (1997) sees the information seeking process not only from a theoretical view but 
also as a practice in which information seekers actively engage with information such 
as sourcing and evaluating information for their needs.  However, Kuhlthau (1995) 
prefers to examine the information literacy process from a theoretical perspective.  
 
Kuhlthau’s (1995) six-stage model takes as its starting point the introduction of a 
problem.  In the first stage a problem is indicated when students are unsure how to 
proceed and the second is the identification of the area to be searched. The third is the 
exploration stage where students are exploring sources and tools to use and the fourth is 
formulation, in which students cogitatively ascertain it is suitable to answer the 
information seeking question.  The fifth stage is the collection and assimilation of data 
for evaluation and usage and the sixth stage is presentation of data in narrative form. 
 
Bruce’s model (1997) consists of seven faces or categories of information literacy that 
are formulated so:  
 
1. The first face is Information Technology such as the physical components of 




2. the second face is Information Sources that has the importance of access to gain 
information and enhance user knowledge of sources available,  
3. the third face is Information Process and this allows retrieval and use of human 
cognitive processes and user ability to solve problems,  
4. the fourth face is Information Control that is the controlling of information and 
user objectivity in developing strategies,  
5. the fifth face is Knowledge Construction for the controlling of information as 
well as the building of user personal knowledge,  
6. the sixth is Personal Knowledge that increases after being based on the users 
previous experience and  
7. the seventh is Sharing Benefit with Others which occurs after knowledge is 
expanded, the conception of wisdom allows the use of information to benefit 
others.   
 
The Bruce (1997) model can be related to the way in which students use information 
technology, identify where information sources may be found and, once found, process 
that information.  Another consideration involved is being able to control the 
information and being aware that knowledge is being built as well as reflecting on the 
knowledge whilst using it wisely to benefit others.  This particular model does not 
appear to be readily and quickly practiced by new undergraduate students.  It is not 
something that happens by osmosis, in other words, this particular model does not 
appear to be something that happens automatically as soon as a student is enrolled.  It is 
a constructive process that undergraduate students in particular must think about as they 
sometimes have to discover or be told or shown how to become reflective and think 
laterally if not logically about the whole process before it is undertaken and, it is an 
aspect of information seeking behaviour that could be useful when designing an 
educational tool.  
 
Preceding Bruce’s (1997) seven faces of information literacy, and the building of 
personal knowledge in information literacy, Eisenberg and Berkowitz (1988) developed 
a theoretical model of information literacy that was then turned into a tool and 
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implemented into an educational curriculum.  The tool was named the Big 6™ 
program. 
 
The Big 6 by Eisenberg and Berkowitz (1988) was developed and designed to be used 
by aligning theoretical information literacy and information seeking skills with 
curricula to provide value in helping students to accomplish the research process.  
Eisenberg and Berkowitz (1988) from their own personal, professional practice and 
study found that successful information seeking processes have six steps. The first step 
is Task Definition which means the problem is to define and ascertain the information 
need.  The second is Information Seeking Strategies that are used to determine all 
possible sources.  Third is Location and Access which is to locate sources.  Fourth is 
Use of Information meaning to engage and/or extract information.  Fifth is Synthesize 
which is to organize and present the information.  Sixth is Evaluation which is to judge 
the product and process (Big6 [2007]). 
 
Eisenberg and Berkowitz (1988) state that people intuitively use the six steps when 
seeking to solve a problem, make a decision and apply information although the steps 
do not have to be used in any particular order.  To ensure success in information use, all 
stages have to be addressed.  The Big6 has become a widely known web site for using 
technology to teach information literacy skills to primary/elementary school children as 
well as adults and is a problem-solving model that uses technology to systematically 
integrate information searching in tandem with technology tools to find, use, apply, and 
evaluate information. 
 
From a broader perspective, Hannafin and Hill (1997) identified five different types of 
knowledge necessary for information gathering.  They are: meta-cognitive or awareness 
of cognitive processes required for successful searches; perceived orientation or 
awareness of location within the system; judgment of capability to execute actions; 




Eisenberg and Berkowitz’s (1988) model, which focused on the information seeker’s 
conscious act or practice of finding information, goes beyond the Hannafin and Hill 
(1997) model by taking the behavioral and cognitive model forward to a model of 
awareness and cognition of the information seeker.  The theories of Eisenberg and 
Berkowitz (1988) and Hannafin and Hill (1997) were developed a number of years ago 
but they still hold well today and highlight student cognitive processes especially in the 
www environment. Although human cognitive processes are being used in student 
information processing, students make mistakes however they learn from those 
mistakes.  
 
It is also worth noting the study by Monerero, Fuentes and Sanches (2000), who 
highlight the conscious cognitive processes involved in the process of following web 
page links and evaluation of materials, which in turn has an effect on whether a search 
is successful.  This supports Moss and Hale’s (1999) research, which linked student 
cognitive style and successful search outcomes.  This has implications for information s 
literacy on the internet within an educational context.   
 
It is worth adding that Bawden (2001) and Badke (2002) see digital literacy and 
academic literacy as being different.  Digital literacy according to Bawden (2001) is 
focused on basic skills such as establishing internet search terms, using programs 
such as Netscape or Microsoft Explorer or Google and locating materials that may 
be used to cite in an academic paper.  Earlier on, Kuhlthau (1995) says digital 
literacy skills are based on an information seeker’s knowledge, perceptions and 
attitudes.  Badke’s (2002) academic literacy allows the information seeker to also 
learn about the paradigm of lifelong learning as well as digital technology and the 
internet in education.  Thus, as more digital tools are being used, and students are 
gaining more skills and forming a closer relationship with digital resources, they 
also use the internet for information gathering. 
 
Information literacy and information seeking is far more than books and electronic 
databases  as it also involves evaluation of sources and materials, assimilation, reading, 





The Eisenberg and Berkowitz (1988) Big6 curriculum system is supported by the 
thoughts of Grafstein (2002) and Badke (2002) who both support the fact that the 
teaching of information literacy should be from a discipline approach and the 
responsibility should be shared through an institution rather than a localized area of that 
institution such as the library.  Thus, by forming models of information literacy, they 
are best utilized if they are put into practical use and if those uses are to be put into 
place it is essential to examine undergraduate and international student problems in the 
area of information seeking and evaluation of academic materials. 
 
 
2.3 Undergraduate student problems in finding research material  
 
This section is focused on undergraduate student problems such as information 
seeking and evaluation of found materials as well as international students and 
language.  Within this, development of search terms, information seeking skills, 
search techniques and processes, use of electronic databases, information seeking 
tools including search engines and web pages are also a part of information seeking 
difficulties.  Additionally, efficiency of information seeking methodologies, 
comprehensiveness and authoritativeness of materials are included. 
 
Clearly, the efficiency of information seeking is important in a fast paced modern 
world and it is believed that it is important when students as a component of 
undertaking information seeking, first examine their search behavior in order to 
make it more efficient because although the use of digital information seeking is 
evident, finding accurate and appropriate information for academic citation on the 
world wide web remains problematic. 
 
2.3.1 Student information seeking knowledge and skills 
 
This research commenced with the question ‘To what extent are students’ 
information literacy knowledge and skills improved by the use of a specific online 




To determine student skills when establishing or developing search terms and 
finding information, it was necessary to establish students’ current knowledge and 
skills and address the theoretical aspects chosen to answer the research question.  
Because student information seeking skill and abilities may vary from inadequate to 
adequate and there a variety of information seeking tools such as library catalogues, 
microfiche, journal publications and the use of computer technologies such as the  
www in which  techniques of developing search terms and use search engines to find 
information that is authoritative must be undertaken. 
 
Within the literature examined, undergraduate and postgraduate students as well as 
academics have referred to four major concerns that arise at the beginning of a 
search for academic literature.  Lindsay and McLaren (2000) express the view that 
those concerns revolve around information seeking tools, including electronic 
databases and paper based journals and books, internet search engines and web 
pages.  There is, of course, no guarantee that needed information will be found.  The 
four concerns are: the efficiency of information seeking methodologies; the number 
and comprehensiveness of academically citable materials available; the volume of 
information seeking previously undertaken and the time involved in the information 
seeking task using electronic media (Nachmias and Gilad [2002], Weidman and 
Strumpfer [2004]).  However, before this could be examined, it was necessary to 
determine what factors are associated with an experienced or skilled information 
seeker. 
 
Holsher and Strube (2000) express the opinion that, although different models for 
information seeking in electronic information systems were proposed by such people 
as Marchionini, Dwiggins, Katz and Lin (1993) and Schneiderman, Byrd and Croft 
(1997), these authors/researchers failed to distinguish between bibliographic 





The failure of Holsher and Strube (2000), Marchionini, Dwiggins, Katz and Lin 
(1993) and Schneiderman, Byrd and Croft (1997) to mention bibliographic databases 
could be because bibliographic databases are generally repositories held on the 
computers of a university, library or organization and could be considered a part of 
the hidden web and their existence is only known by staff and students in those 
individual universities.  In contrast, the www is global information available on any 
computer anywhere in the world, as long as that computer or computer system is 
connected to the internet. 
 
Chapman (2002), a librarian at the University of Melbourne in order to determine the 
level of student information seeking skills, expressed her concerns with colleagues that;  
…many students appeared to not have adequate skills to deal with technology 
and software problems, search effectively, filter the information retrieved for 
relevant materials, critically evaluate the results for accuracy, currency and 
suitability for research. 
Chapman (2002) conducted a survey research at Latrobe University in Melbourne 
after being prompted by students who maintained that finding information on the 
internet was like ‘Russian roulette’, or a question of chance or a lucky dip. 
 
Chapman (2002) notes that there is neither systematic editing of web published 
material nor any expert reviews of material on the www.  Chapman’s (2002) survey 
of students’ and academic staff use of the internet for research showed that the most 
popular method involved basic search techniques by generally using single key 
words on one search engine.  The next most popular method was ‘surfing’ or 
browsing websites and following links in those websites or directories. 
 
The Chapman (2002) survey revealed that few respondents made use of ‘Advanced’ 
options provided in the ‘Advanced’ area of a search engine.  However, this survey 
was conducted during 1999/2000, and considering the incremental growth of digital 
technology design and the rapid proliferation of home computers, the use of the 
‘Advanced’ feature may have increased but there is no data.  Since then, current 
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information seekers may be more familiar with the advanced type of options that 
Google and other search engines provide.  In contrast, in 1999/2000, fewer 
information seekers would have been familiar with the advanced options.  If 
information seekers considered themselves successful and adept at finding 
information, they should know about the ‘Advanced’ feature of Google. Information 
seekers believing that they are adept at information seeking yet not knowing about 
the Google Advanced feature suggests that there is a discrepancy between 
information seeker knowledge and self belief.   
 
Because the Chapman survey findings did not indicate what functions the Google 
Advanced features provides, and/or that the respondents used, this again places a 
limit on the findings and could have added additional light on the results.  Following 
on from the use of advanced features, and in order to determine student skills, the 
Chapman study asked participants the length of time they used the internet 
(however, this question adds a degree of ambiguity as time using the internet can 
mean the number of years or could also mean the number of hours daily or weekly 
and therefore, this ambiguity needs to be addressed).  Additionally, students 
provided their own self assessment on whether they were successful in sourcing 
information and evaluating it successfully.  Self assessment may not be a preferable 
way to measure information seeking and obtaining information because information 
seekers may feel they are adept and successful.  Often, however, users don’t know 
how unsuccessful they are until they learn what success is (Redfern 2004).  Student 
lack of self knowledge of determinants of success leads to problems with internet 
skills knowledge. 
 
Chapman’s (2002) research identified internet skills-based problems which were 
determined by asking survey participants about internet search methods used, how 
often and how long the internet was used and where it was accessed. They were also 
asked was whether they were successful in finding information that was relevant and 
appropriate. 
 
Chapman (2002) says that internet skills based problems relate to retrieving too 
much information and too much irrelevant information.  Technology based problems 
relate to websites, the nature of the websites themselves, missing web pages and out 
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of date uniform resource locators (urls).  Other technology problems include slow 
modem speeds, lack of fast broadband in some geographic areas, older versions of 
web browsers and problems and accidents with cables. This places limitations and 
constraints in the broader computer environment and have an impact on online 
searchers as any hindrance is a deterrent to information seeking success. 
 
The Chapman survey was followed by interviews with the participating students and 
this was compared with student self-assessment provided beforehand.  This resulted 
in a discrepancy as most students carried out single keyword searches, only three 
used Boolean operators and when the students were asked to describe how effective 
their searching was twenty four were not sure how they searched and three said they 
‘just type in the words and hope’.  This is an indication that the self-assessment was 
not accurate as most of the participants were not efficient searchers and more 
importantly, this suggests that some students do not realize they are lacking skills. 
McNaught, Phillips, Rossiter and Winn (2000) state that studies do not often report 
student prior knowledge of information literacy skills in any detail. However, if 
Chapman could have first determined the level and degree of knowledge and skill of 
the student participants by using, say, the six ANZIIL standards to test the 
participants for their level of being able to: determine the extent and nature of the 
information needed, find that information effectively and efficiently, critically 
evaluate that information, manage that information, construct and create new 
understanding and, uses the information whilst understanding and acknowledging 
the cultural, ethical, economic, legal and social issues surrounding the use of the 
information. This approach could have provided provide further statistics and a less 
distorted picture of the final results of the experiment.   
 
The Chapman (2002) and the Ellis & Salisbury (2004) surveys allowed students to 
qualify their own level of experience (Chapman 2002) and also to quantify the 
amount of time students use the www (Ellis and Salisbury 2004) to qualify their 
level of experience with information seeking on the www.  Reih and Belkin (2000) 
affirm that it may be preferable to consider the alternative way of measuring the type 
of search strategy such as using computer analysis prediction which can quantify the 
number of search terms and the single words in a single search as well as the 




Macpherson (2002) conducted a study on the effectiveness of concept-based instruction 
for undergraduate students.  There were 254 first year students at the University of 
Canberra.  The study was experimental and there was a pre-test/post-test control group.  
The participants were all enrolled in the subject Communication Interface 1.  They 
were taught the process of developing their search question by firstly, breaking the 
topic into main and lesser concepts, and secondly, establishing synonyms for those 
concepts and lastly, taught Boolean operator usage.  The experiment group was taught 
information retrieval from electronic databases using grounded learning theory teaching 
strategies.  The Macpherson (2002) study to evaluate information seekers knowledge of 
electronic databases asked participants to locate citations for articles that were ‘highly 
relevant’ for three search topics.  Participant results for the Macpherson (2002) research 
showed that the number of concepts (total mean) for the experimental group was 8.25 
and the control was 7.49. The number of inappropriate concepts for the experimental 
group was 1.32 and the control was 0.97.  The number of reformulations for the 
experimental group was 13.24 and the control was 12.36.  
 
Macpherson’s research on teaching core concepts to students is supported by Bates 
(1986), Borgman (1986), Lancaster, Elzy, Zeter, Metzler and Yuen-Man (1994), 
Saracevic (1991) and Spink’s (1996), which suggest that information seekers’ inability 
to identify core concepts appropriately is one of the main reasons for inadequate search 
results.  Macpherson’s results suggested that a concept based approach is more 
effective than the traditional skills based demonstration approach and it is suggested 
that embedding information literacy instruction by using core concepts may assist 
students.  
 
Internet information seeking statistics of the web search tool Excite were gathered 
by Wolfram, Spink, Jansen and Saracevic (2001) by using computer logging. The 
statistics gathered examined how public web searching behaviour had changed over 
the 1997-2001 period.  The first of three stages was conducted in 1997, stage 2 was 
in 1999 and stage 3 in 2001.  The results for 1997 and 2001 show a decrease in the 
percentage of modified queries from 52% in 1997 to 44.6% in 2001.  (A modified 
query involves changes in original search terms to produce additional or different 




These statistics suggest that information seekers were using shorter queries with less 
modification whilst using more Boolean operators.  Wolfram, Spink, Jansen and 
Saracevic (2001) also reports that an unusually large number of terms were used 
with low frequency, such as personal names, non-English words and web-specific 
terms such as urls.  Excite was not the only web search tool used as there has also 
been a growth in the use of other search tools such as Alta Vista, Wolfram Alpha, 
Google Scholar and Google Chrome. (Wolfram, Spink, Jansen and Saracevic 
[2001]). 
 
The use of the www for academic information seeking does not necessarily provide 
accurate or academically appropriate information for academic evaluation.  
Although research from Ellis and Salisbury (2004), Redfern (2004) and Saunders 
(2004) concludes that information seekers prefer the internet, Ellis and Salisbury 
(2004) state that the amount of time spent using the internet is not an indicator that 
the results found represent authoritative information that may be evaluated for 
academic use.  Finding appropriate information that adheres to academic standards 
and authority is paramount. Therefore, this is a consideration when conducting 
further research and a deterrent from equating the number of hour’s students spend 
using the internet with being experienced and adept at finding information and 
evaluating whether the information is appropriate for academic use. 
 
To investigate students’ information/knowledge seeking skill and tool use, Redfern 
(2004) conducted a survey of students in the University of Canberra Library.  The 
survey sample comprised twenty participants who were asked to nominate the tool/s 
they had used for locating search terms.  
 
Regarding information/knowledge and seeking skill, the number of participants who 
felt they were efficient information seekers compared with inefficient information 
seekers was almost even as 46% felt that they were not efficient at finding 







The results of the Redfern (2004) survey revealed that the most popular tools used 
for searching were: www and internet 65%, library books 50%, online serials (such 
as specific journals and newspapers focused on specific subjects and topics) 45% 
and, electronic databases (which hold materials on many subjects and topics) 35%.   
The results of the Redfern survey (2004) which consisted of a small sample group 
are in concordance with the results of the Ellis and Salisbury (2004) only in the 
preference for the internet. The Ellis and Salisbury (2004 study showing that 65% 
preferred the internet, 24% preferred library catalogues, 7% preferred the local 
library and, 4% preferred electronic journal databases.  It is significant that the 
studies conducted by Ellis and Salisbury (2004) at the University of Melbourne also 
revealed that students prefer using the internet and www for research rather than 
other media.  This research supports the Redfern (2004) study at the University of 
Canberra and the two studies of Chapman (2002) show that students are increasingly 
using online search tools for locating academic materials.   
 
These studies present substantial evidence to the effect that students prefer to use the 
www and internet rather than library databases for research.  Additional evidence by 
Large, Lucy, Tedd and Hartley, (1999), Lindsay and McLaren (2000) and Moore 
(1997) confirms that the WWW is widely used for student information seeking.  
 
Finally, other studies by Nachmias and Gilad (2002), Saunders (2004), Weideman 
and Strumpfer (2004) who also confirm the dominance of education information 
seeking using information technology that is widely used by academics and staff for 
information seeking.  McNaught, Phillips, Rossiter and Winn (2000) state that 
although there are a number of electronic databases available, there has not been an 
uptake of computer-aided learning.  Therefore, the development and testing of online 
search tools is timely to assist students with their information seeking strategies. 
 
When placing the ANZIIL statement of what constitutes an information literate 
person in the context of the Chapman (2002), Ellis and Salisbury (2004) and the 
Redfern (2004) survey statistics (published in the Australian Academic & Research 
Libraries journal) these may have produced a different outcome if participants had 
been asked to provide self-evaluation of their level of information literacy.  Thus, if 
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those participants were measured against well tried information literacy such as 
ANZIIL, this may have indicated that although information seekers may evaluate 
themselves being skilled at information seeking, in reality, this may not be the case. 
 
Academic materials that are sourced from an authoritative authority such as a university 
or government web site may be assumed to be worthy of citation however the validity 
of the information is not guaranteed.  Hassan (2001) states that when searching the 
internet the undergraduate or information seeker, will encounter a lot that is ‘trivial and 
bizarre’.  However, Hassan (2001) adds that the amount of valuable and up-to-date 
information on many government and non-government organizations and research 
institution web sites is increasing and thereby provide additional information that is 
useful for the researcher.  Fensel, Hendler, Lieberman and (2003) observe that the 
exponential growth of the www makes finding information difficult because of the 
increasingly large amount of material. Unfortunately, researchers encounter difficulties 
such as the superficiality and inconsistency of web site information.  Additionally, 
Ellsworth (2001) reinforces the opinion of Hassan (2001) and Fensel, Hendler, 
Lieberman and Wahlster (2003) by stating that the reservoir of knowledge on this 
planet is the largest ever known and students have to develop search and retrieval 
strategies that are more sophisticated.  Therefore, a part of developing information 
seeking strategies is the use of using a variety of search keywords and terms. 
 
2.3.2 Keywords and Search Terms 
 
Researchers in the humanities experience difficulties when searching databases. In 
order to create more comprehensive search techniques Knapp, Cohen and Judes 
(1998) developed a non-www based humanities-oriented thesaurus with controlled 
vocabulary search terms to conduct free-text searching in the humanities and/or 
social sciences, however, using a thesaurus that is focused on an academic area or 
subject is a departure from free text searching as a thesaurus is a controlled 
vocabulary and free text is not controlled.  The difficulty in the humanities 
information searching is caused by the broad spectrum of social science subjects as 
many synonyms may be used to describe one concept.  Additionally, terms vary in 
the degree of precision.  Knapp, Cohen and Judes (1998) refer to free-text in natural 
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language terms and add that the cause of failure to recall search terms in a free-text 
search is the inability of the searcher to think of related terms that the author may 
have used.  An important conclusion is that the choice of keywords, core concepts or 
phrases are important for successful internet or www searching and success may rest 
on information seeker cognitive processes.   
 
To determine whether information seeker cognitive processes and choice of keyword 
selection had an effect on the outcome of a search, Weideman and Strumpfer (2004) 
conducted experimental research with a significant sample of 1,109 students across 
forty-five institutes of higher education.  The relationships between keywords, age, 
race and gender were compared against the success rate.  The results revealed that 
gender was the only factor that did not have a bearing on the success rate.  The 
report states that figures indicate that the most successful information seeking is 
conducted by students who are young (under twenty-five years old) because they are 
more adept with technology at an earlier age. That they are the most successful at 
information seeking could be because they have had more experience in their 
personal and educational lives than older students.  
 
The Weideman and Strumpfer (2004) research report concludes that the greater the 
number of keywords used searching the internet, the more fruitful the results. That 
may be so, but in their research report, the word ‘fruitful’ is not qualified in its 
meaning.  Although Weiderman and Strumpfer said that the use of a larger number 
of keywords does gain a larger number of results, this does not equate with quality 
results that are sourced from authoritative web sites such as university and research 
institutions nor does it determine if the articles were written by those who are well 
versed in their specific academic area of expertise. 
 
The extensive amount of literature available on the subject of search terms, 
keywords and information seeking skills and behaviour indicates that students and 
other information seekers using electronic databases and www tools choose to use 
the fastest way possible to find information (Ellis and Salisbury [2004], McNaught, 
Phillips, Rossiter and Winn [(2000]).  Additionally, this is supported by the Redfern 
(2004) survey and is also consistent with later research results and evidence by 
Helms-Park, Radia, Stapleton (2007) preliminary research on student use of online 
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search tools and search engines such as Google Scholar.  Helms-Park, Radia, 
Stapleton (2007) state: 
 
While the use of a search engine to find secondary sources is now a 
commonplace practice among undergraduate writers, recent studies show 
that students’ online searchers often lead to materials that are wholly or 
partially unsuitable for academic purposes.   
 
Correlating numbers is quantitative but in academia, qualitative is preferable when 
referring to searching success and information seeking success.  Information seeking 
success may be guided by various models that purport to show what constitutes a 
successful and information literate student and this may be guided by the number of 
search terms used or the number of alternative search strategies such as the use of 
Boolean operators. 
 
2.3.3 Boolean Searching 
 
From the substantial amount of research conducted on the information seeking skills 
of students, and a small amount on academics, and as previously stated in this thesis, 
the research is conclusive that information seekers using electronic databases, the 
internet and the www whilst attempting to use the fastest methods possible although 
there are advantages and disadvantages.  It seems that the advantage of quick and 
easy access is disadvantaged by the lack of finding quality and authoritative 
materials.  The seemingly advantage of slower and perhaps more difficult access can 
result in more authoritative materials.  Therefore the information seeker may have to 
determine which they prefer, quick and easy access whilst gaining a lesser degree of 
authoritative materials or slower access with more authoritative materials and in this, 
Boolean operators have a place to play.  
 
There is an assumption that the more experienced information seekers such as 
academics and advanced post graduate students have knowledge and use Boolean 
operators in their search (Redfern 2004).  Information seeker' Boolean query usage 
for databases, as reported by Jansen and Pooch (2001) was 37%.  Siegfried, Bates 
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and Wilde’s (1993) research on searching databases showed that the sole use of 
Boolean operator queries constituted 5-10% of queries and the use of one query term 
(non-Boolean) constituted 63%.  However, the statistics for searchers using Boolean 
logic may fall in the future as the popularity of www searching increases and 
Boolean operators are replaced by alternative search tools, such as the Google 
Advanced feature and Google Chrome and Google Scholar.   
 
There is an indication that the use of multiple keywords and an increased use of 
alternative strategies should be undertaken to increase information seeking success.  
Chapman (2002) shows that most participants use single keyword searching and 
Weideman and Strumpfer (2004) add that the more keywords used the better the 
results.  This opinion is enhanced by the Siegfried, Bates and Wilde (1993) finding 
that the use of Boolean operators by searchers was between five and ten percent of 
queries. 
 
The Siegfried, Bates and Wilde (1993) research revealed that Boolean operators were 
used by 10% of the participants.  The fact that some information seekers became 
familiar and comfortable with computers and other digital technologies at an earlier age 
combined with an increase in the ease-of-use of computer and digital technologies 
means that the lessening of the use of Boolean operators – ten percent, as reported in 
the Siegfried, Bates and Wilde study (1993) - is hardly surprising.  Thus, as digital 
technologies are evolving and software developers are building models which are easier 
to use, whether or not students are information literate they still may be able to find 
authoritative information and information seeker behavior has an impact on their level 
of success.  
 
2.3.4 International students and language 
 
When information seekers such as international students enroll in westernized 
universities, they are not necessarily comfortable accessing online information and 
are often not versed in what constitutes authoritative information for citation and this 
is an issue for those wanting to become information literate within the digital sphere. 
Students and others from a Non-English speaking background must be considered 
because when those students use libraries in English speaking nations, Badke (2002) 
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believes that what is particularly necessary, and come to the fore, are basic literacy 
communication skills such as listening, hearing, speaking and writing in the English 
language. 
 
Marginson (1997) says universities are increasingly enrolling many international 
students who make a large contribution to Australia’s Gross National Product 
(GNP).  Naturally, it is in the best interests of Australian universities for 
international students to be academically successful.  Badke (2002) agrees with 
Marginson (1997) but adds that universities need to make a concerted effort to assist 
students who lack language or academic skills. 
 
As trans-national education is a growing market commodity, there is a need to offer 
education as a high quality product (Briguglio 2000).  Accordingly, it is necessary 
for the provision of high quality education to be accompanied by ancillary programs 
to support both domestic students and international students.  Although ancillary 
educational programs such as training in information seeking and the use of 
appropriate research tools may offer a solution and promote independence and 
autonomy when undertaking research, student socio-economics come into play.  So 
when we consider Marginson (1997) and his statement that international students 
make a large contribution to Australia’s GDP and Badke (2002) who adds that a 
concerted effort must be made to assist students who lack language skills is 
accompanied with Briguglio (2002) who sees that education, in order to support the 
market economy students must be assisted.  Therefore, digital technology and 
ancillary programs in the form of literacy and language skill tools may benefit all 
students and in particular, those who are international. 
 
Some researchers such as Badke (2002), Leder and Forgaz (2004), Ramburuth and 
McCormick (2001) and, Scheyvens, Wild and Overton (2003) assert that some of the 
challenges faced by international students are writing at academic level, working 
independently and conducting research.  Additionally, the difficulty of learning 
English adds to the problems that international students face and these problems 
must be overcome to help address academic demands to ensure success for the 





Biggs (1999) believes that international students experience greater difficulties than 
local students in coping with academic demands.  Burns (1991) points out that 
international students feel stressed and less competent with academic skills and adds 
that, in identifying international student problems, it is important to look for the gaps 
and problems experienced and attempt to address them.  Badke (2002) stated that 
some of the other key challenges for international students are library systems and 
technology.  However, Briguglio (2000), Lacina (2002), Scheyvens, Wild and 
Overton (2003) and Leder and Forgasz (2004) are of the opinion that language is the 
primary challenge.  Whether the problem is technology or language that entails 
colloquial, idioms or dialect it is desirable to examine and address these issues. 
 
International students often do not understand the Australian dialogue because of the 
speed, intonation, accent, idioms and colloquialisms.  Although these students have 
studied English prior to undertaking their academic studies in Australia, Jandt (2004) 
suggests that elements that cause problems are the lack of equivalences in 
vocabulary, idioms, grammar, syntax, experiences and concepts.  Additionally, 
sometimes direct word to word translations cannot be made. 
 
In 1999, at Massey University of New Zealand, Scheyvens, Wild and Overton 
(2003) conducted research on international students undertaking postgraduate 
studies at the University.  The research was based on interviews with 12 key support 
providers, such as tutors and staff and those in the academic skills program.  The 
results revealed that in addition to general problems with the English language, 
international students have a particular problem with colloquialisms and this reduces 
their comprehension.  The research concluded with Scheyvens, Wild and Overton 
(2003) acknowledging that although the visibility of international students in 
westernized universities is high, provision of adequate exploration of ways to assist 
these students is worthy of further research. 
 
Considering Scheyvens, Wild and Overton (2003) suggest that provision of 
‘adequate’ exploration and further research through new forms of communication 
and tools is of concern.   Scheyvens, Wild and Overton (2003) use the word 
‘adequate’ because this seems to infer that the exploration and new forms of 
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communication and tools should only be carried as far as to provide an adequate 
solution or, just enough to get the job done. 
 
Field (1997) advocates that the way of helping international students is through new 
forms of communication and tools and as Field (1997) points out, international 
students who sometimes lack a firm grasp on English, are also likely to have 
difficulties in determining subject core concepts. Jansen, Spink, Saracevic and 
Tefko’s (2000) upon stating that it would be helpful if an online tool has an 
academic context, this implies that subject core concepts is pertaining to academic 
context and therefore included. 
 
If as Field (1997) suggests, that international students lack a firm grip on English, it 
seems doubtful that only going as far as ‘adequate’ as stated by Scheyvens, Wild and 
Overton (2003) is not progressive.  Therefore, only working to a level of adequacy 
would lessen the chance of success and hasten the exploration and development of 
language and tools to assist international students and their digital literacy.   
  
Based on the studies of Scheyvens, Wild and Overton (2003), Field (1997), Badke 
(2002), Leder a& Forgaz (2004), and Ramburuth & McCormick (2001), it is not 
only evident that uncertain English comprehension and language skills are a problem 
but international students may tend to use tools such as Google or another search 
engine that is familiar and easy to use. 
 
Contemporary language is language in common use and international students may 
experience difficulties with colloquialisms, idioms, slang, phrases and deliberately 
devised expressions, jingoistic terminology and acronyms that are regularly brought 
into common usage.  Because of the informality of contemporary language used in 
common conversation and media such as television and newspapers etcetera, 
contemporary language used in common human dialogue and the media does not 
necessarily match the language of academia.  Consequently, the use of search tools 
that allow for international language differences for information seeking may make 
the research task easier.  The modernization of English language and adoption of 
societal and regional dialects is a continuum as all languages naturally evolve 





The growth of information literacy and more recently digital literacy between 1978 and 
2009 has seen significant research and interest in the areas of recognition of 
information need, evaluation of sources, cognitive processing, analysis and synthesis of 
the information.  There has also been the growth of information literacy models such as 
those of Kuhlthau and Bruce and accompanying this has been the development of 
research and initiatives to assist international students.  
 
The development of information literacy systems of Kuhlthau (1995) and Bruce (1997) 
with the Badke (2002) and Bawden (2001) paradigms of lifelong learning and digital 
literacy skills has seen the growth of such initiatives such as the aforementioned 
Eisenberg and Berkowitz (1988) Big6 program that embeds information literacy 
instruction in the curriculum.  The Big6 is being promoted and practiced in libraries and 
educational institutions. 
 
The information literacy framework of Australia and New Zealand government schools 
curricula states that the purposes and principles are to facilitate learning, diagnose 
learning gaps, measure learning, provide opportunities for students and teachers to 
discuss learning, provide information for evaluation of teaching and to provide 
certification information (ANZIIL [2007]).  
 
Following, there is now provision of different online tools to teach and demonstrate 
information literacy. Information literacy frameworks are in place and are taught and 
demonstrated with in-class group activities in schools and colleges, university libraries 
under the guidelines and standards of the ANZIIL (2007) frameworks whilst aligning 
the standards with the curriculum.   
 
Although training and education in information seeking skills and strategies are taught 
to students and others, it is common for information seekers to still experience 
difficulty in finding their required information on the internet.  Sherman and Price 
(2001) express the opinion, that the difficulty lies in a combination of information 
seekers not being able to effectively develop search strategies and also the disparate 




In the forgoing literature review it has been shown that difficulties exist in information 
seeker skills however, Sherman and Price (2001) further assert that material on the 
www/internet must be optimized in order to provide more educational opportunities for 
novice and advanced researchers.  As well, It has been shown in the above literature 
that students experience difficulties in finding appropriate and authoritative on the Web 
as well sometimes being unaware that their information seeking skills may be improved 
upon.  Additionally, there is an issue with the development and use of keywords and 
search terms as demonstrated by Chapman’s finding (2002) that most students used 
single word searching.  
 
In answering the research question, ‘To what extent are students’ information literacy 
knowledge and skills improved by the use of a specific online educational tool for 
finding relevant research information on the world wide web’, researchers such as 
Jansen, Spink and Saracevic (2000) and Marchionini (1995) have said that information 
seekers want to find information as quickly and efficiently as possible.  However, as 
well as the opinions of Spink and Wilson (1999), Kuhlthau (1995), Chapman (2004) 
and Bruce (1997) on the topic of information seeking and literacy, Jansen, Spink and 
Saracevic (2000) and Marchionini (1995) add that regardless of whether an information 
seeker is successful or unsuccessful in finding authoritative information difficulties 
may lay in information seeker behavior.  In order to understand student information 
seeking further, the next section will examine information seeking behavior and 





2.4 Information Seeking Behaviour 
 
The previous section focused on undergraduate student information seeking problems 
with finding information using search information seeking skills, search techniques and 
processes. This section will examine information seeking behavior, international 
students and language as well as evaluation of authoritative materials. 
 
Human cognitive processes and information seeking behavior are involved when 
using search tools and resources in the digital environment are being examined. 
Because this research and thesis involves information literacy and skills, the 
information seeking process and the building of an online tool to be used in testing 
the research questions, it is relevant and necessary to examine how student cognitive 
processes and behavior commence and proceed to find information and what is 
involved.  
 
 Cognitive Processes 
 
Cognitive search strategies employed by information seekers searching the www was 
examined by Navarro-Prieto, Scaife and Rogers (1999).  The research involved making 
comparison of novice and more experienced www searchers.  The conclusion to the 
research was that the more experienced searcher used their ‘web knowledge’ and 
planned their search strategy ahead of time whereas the novice searchers plan less and 
are more reactive to representations on the computer screen and tend to follow links.  
Phrased another way, the novice searchers tended to browse more than search.  
Whether novice searchers browse or search leads to the question about the role of 
information seeker cognitive processes and search behaviour. 
 
Moss and Hale (1999) conducted research on human cognitive style and personality.  
The research conducted on higher education students was to investigate internet search 
strategies and emerging issues and the research hypotheses concerned links between 
cognitive style and search behavior. Fifteen participants were interviewed in an 




As the research progressed, the researchers realized that human cognitive style and 
personality was a dominant factor in search strategies employed by information 
seekers.  The Moss and Hale (1999) research concluded that the themes of different 
search strategies adopted for differing cognitive style and personality have implications 
on information seeking training in education.  The themes of information seekers 
cognitive style and personality are particularly relevant and are issues which appear to 
have been addressed by previous research as previous studies sought simply to improve 
information retrieval skills rather than examine the relationship between information 
seeking and cognitive processes and behavior. 
 
 Information Seeking Behavior  
 
Information seeking behavior is different from cognitive processes.  Whereas 
cognitive processes involve unconscious and non-deliberate evaluation and decision 
making, behavior involves conscious and deliberate evaluation and decision making. 
 When using information retrieval systems such as the www, information seekers 
often use different types of techniques and search behavior to seek and collect 
information such as browsing the www using directories, following links, or typing 
in terms that may produce some relevant information.  Jansen, Spink and Saracevic 
(2000) say that www information seekers behavior indicates that they use the least 
effort possible and take short cuts.  On the other hand, Marchionini (1995) expresses 
it differently, by observing that humans will take the least resistant path.  Whether or 
not information seekers take a path of least resistance or effort, even considering the 
academic content of electronic databases as being more valuable than the www, 
those students will still resort to using the www after experiencing difficulties or 
dissatisfaction with the electronic databases (Marchionini [1995]).  Jansen, Spink 
and Saracevic (2000) and Marchionini (1995) state that information seekers take the 
path of least effort or the least resistant path; this still means that www users want to 
gain their information quickly and easily.  
 
Holsher and Strube (2000) investigated student information student seeking 
behaviour while browsing the web.  Information seeking or web searching is a 
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deliberate behaviour as the information seeker is looking for specific materials by 
constructing search terms in a search engine. In contrast, browsing is less structured 
and is based on following web page links or urls.  Holsher and Strube (2000) regard 
the behaviour of an experienced user as exhibiting knowledge, skills and behaviour 
to use the www to successfully solve information seeking problems.  Therefore, it is 
the more experienced information seeker who searches rather than browses. 
 
In order to understand the behaviour and experience of information seekers using the 
www, Reih and Belkin (2000) at Rutgers University, conducted research using a 
background questionnaire.  Following the questionnaire, an experiment was 
conducted.  The sample comprised fifteen academics that came from a range of 
fields within the university, including communication, library and information 
science, linguistics, sociology, chemistry and computer science.  Participants were 
allowed fifteen minutes to conduct four www searches on four topics.  There were 
1,321 web pages accessed from sixty searches by the fifteen participants.  Nine 
participants (60%) said they used the www every day, or at least once a day.  All 
participants said they used search engines and directory services ranging from 
‘somewhat’ to ‘a great deal’.  The conclusion to the research revealed that the 
relative behaviour and experience of the information seeker on the www, made a 
difference to the outcome. 
 
Kuhlthau (1995) and Ellis (1998) in two separate pieces of research found that 
library user information seeking behavior processes occurred in six stages and these 
are related to the cognitive and affective state of the user’s search activities such as 
successive searching.  Spink, Griesdorf and Bateman (1999) say that successive 
searching is to conduct a series of related or ‘successive searches or users searches in 
digital environments over time related to the same or evolving information problem’ 
and this may be by using tools such as the internet/www or electronic databases. 
 
After information seekers encounter difficulty using electronic databases and follow 
the path that Jansen, Spink and Saracevic (2000) and, Marchionini (1995) have 
observed, that is, taking the easiest path and taking short cuts, they turn to using 





In contrast to Jansen, Spink and Saracevic (2000) and, Marchionini (1995), Head 
and Eisenberg (2009) who conducted research on the reasons undergraduate student 
behaviour led to using academic databases, detailed the following key findings.  The 
highest percentile provided the reason that electronic databases were credible (78%); 
have in-depth detailed information (76%) and have simple search interfaces (74%).  
The lowest percentile said the electronic databases allowed the quick finding of 
articles ‘just in time’ (43%) which indicates that to find authoritative information, 
those students may have used electronic databases as a last minute resort. It is 
questionable that the figure of 74% finding electronic databases held a degree of 
simplicity in the design of the search interface.  Search interfaces may appear user 
friendly but in reality, if this is so, why do so many students resort to using Google 
or other such tools.  It must be noted that the Head and Eisenberg (2009) research 
was not asking what tools the participant used, rather, it was asking why scholarly 
research databases are used, which is quite a different question to a question that is 
related to choice of tool so, if Head and Eisenberg (2009) are asking why electronic 
databases are used, there is also the need to ask what of the information seeking 
behavior and skills of students using those databases and other digital technologies. 
 
Hsieh-Yee (1993), Siegfried, Bates and Wilde (1993) developed an understanding of 
student information seeking behaviour when using the www.  A picture of how students 
search the www has also been provided by additional research of Wolfrem, Spink, 
Jansen and Saracevic (2001) and, Tabatabai and Luconi (2004) who researched whether 
student information seeking needs were being met.  The picture provided was one in 
which it was acknowledged that information seeker needs were being met however they 
felt that there was a need for the provision of differently styled tools that more closely 
reflected academic subjects and the use of core search terms (Wolfrem, Spink, Jansen 
& Saracevic 2001; Tabatabai and Luconi 2004).   
 
Additionally, Redfern’s (2002) findings suggest that the building of different subject 
based tools for the www had not been developed for teaching information seeking skills 
or teaching subject concepts to assist easier information retrieval and it is worthwhile to 
develop such an information seeking tool and to evaluate its value and worth when 




A study of information seeking skill behaviour of freshmen at Michigan State 
University was conducted by Matthews and Wiggins (2001) and the study revealed that 
most freshmen were familiar with the www before attending university and once 
undertaking scholarly research in higher education, those freshmen still mainly utilized 
the www and Google.  Additionally, the students also held the belief that if information 
cannot be found in Google then the information did not exist although they then tried 
different search techniques.  Although freshmen mainly used the www and Google for 
their information seeking needs, the wide use of these tools could be driven by habit 
because of the ease of use and current and/or former access of them in a home 
environment and this creates a degree of familiarity and again, this supports 
Marchionini (1995) and Danino’s (2001) statement for user preference to be for tools 
and information that are accessed quickly, easily whilst taking a route of least effort. 
 
In order to achieve finding information with least effort and to make information 
seeking easier on the www, the major tools launched during the period of this thesis, 
2004 to 2009, were: Google Scholar in 2004, Google Chrome in 2008 and Wolfrem 
Alpha in 2009. 
 
There is a large amount of evidence regarding the information seeking behavior and 
skills of students using digital technologies.  This supports the view that students, 
while wanting to find information, are prepared to use various technologies and tools 
to find that information whether they be an online search tool, electronic database or 
an online tool and resource such as Wolfrem Alpha, Google Scholar and Google 
Chrome and others. 
 
The importance of  Navarro-Prieto, Scaife and Roger’s (1999) comparison of novice 
and experienced www searchers led to the conclusion that the more experienced the 
searcher the more planned and effective the search results.  Navarro-Prieto, Scaife and 
Roger’s (1999) concluded that effective search results were the result of information 
seeking behaviour cognitive processes and the choice of keywords.  Additionally, 
human cognitive style and personality was a dominant factor in search strategies 
employed by information seekers.  This is also in agreement with the Moss and Hale 
(1999) research that concluded with the statement that emergent themes of different 
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search strategies adopted for differing information seeking behaviour and cognitive 
style and personality have implications for educational issues such as information 
seeking strategies related to training in internet and www information seeking.  So, the 
picture of an experienced searcher according to Navarro-Prieto, Scaife and Roger’s 
(1999), Weideman and Strumpfer (2004) and Hale (1999) is one who is more planned, 
thinks more about keywords, and has a personality that leans towards being self-driven. 
 
Research on information seeker behavior conducted by Jansen and Pooch (2001) 
shows that for an average information seeker a database session consists of seven 
queries.  Hsieh-Yee (1993) reports figures of 8.8 for the novice seeker and 7.2 for 
the more experienced seeker.  In contrast, other researchers such as Seiden, 
Szymborski and Norelli (1997) and Vakkari (2000), contend that the number of 
queries is two to three.  The significance of the number of queries may provide an 
indication of the amount of determination, interest or willingness to undertake 
lengthy examination of electronic databases as well as the level of preparedness in 
using and/or establishing new or different search or strings of search terms and this 
more experienced student behaviour indicates a successful information seeking 
outcome. However, if an information seeker’s behaviour indicates that they conduct 
information seeking using only one database query it could be an indicator that they 
are either not particularly interested or conversely, they are adept at developing 
search terms and quickly find needed information.  
 
That the Jansen and Pooch (2001) research shows an average of seven queries and 
the Hsieh-Yee (1993) research shows that there is a difference of 1.6 search queries 
between novice and experienced seekers it seems that both the novice and 
experienced seekers are almost matched in both the Hsieh-Yee (1993) and the 
Jansen and Pooch (2001 research.   
 
Comparing the Hsieh-Yee (1993) Jansen and Pooch (2001) research with Seiden, 
Szymborski and Norelli (1997) and Vakkari’s (2000) contention that the number of 
queries is three, considerations are first whether both sets of results were gained 
from both novice and experienced information seekers and secondly, the currency of 
the Szymborski and Norelli (1997) research.  This leads to another consideration that 
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it may not be whether the student is a novice or experienced information seeker but 
whether they exhibit behaviour that leads to information seeking success. 
 
Recognition and evaluation of authoritative materials 
 
The research question being addressed; ‘How can an online search tool assist 
students with evaluation of research materials?’ is being addressed by examining 
how students evaluate online materials for authoritativeness. Acknowledgement of 
the effectiveness of information seeker cognitive processes and evaluation of 
material has been provided elsewhere in this thesis by Hawkridge (1983), Lindsay 
and McLaren (2000) and Carroll (1999) and are in agreement on the importance of 
cognitive processes in information seekers. Notwithstanding is the viewpoint of 
Monerero, Fuentes and Sanches (2000) who expound not only on the importance of 
information seekers being able to evaluate web pages but also for those information 
seekers to then link the found information to their research. 
 
The conclusions to the above research, especially when considered in tandem with 
the opinions of Ellsworth (2001), Hassan (2001) and Fensel, Hendler, Lieberman 
and Wahlster (2003), is that it is all very well to have a large reservoir of knowledge 
available on the internet/www but the information must firstly be found and 
secondly must be of a standard appropriate for use in academia, that is, it must be 
authoritative. However, there is no guarantee that information found is authoritative 
but, it is important to try and impart evaluative skills to students. 
 
Reih and Belkin’s (2000) study on academic and doctoral students’ evaluation of 
web pages shows that information seekers initially use predictive judgments to 
decide the worth of the web page and this is supported by Holscher and Strube 
(2000) whose research shows similar results.  However, a significant research 
consideration is whether students know the steps or processes or are consciously 
aware of their information seeking behavior whilst searching for information on the 
www and this has a significance of meaning for international students and those who 






Research on academic and doctoral students’ evaluation of web pages was conducted 
by Rieh and Belkin (2000).  The research revealed that when information seekers 
initially open their web browser, their first search is strongly based on human reasoning 
also known as ‘predicative judgment’.  Predicative judgment is based on knowledge, 
experience, and other people’s recommendations.  Information seekers automatically 
perform a quick evaluation of a web page at the first opening.  When a required web 
page is accessed, the information seeker makes an evaluative judgment and decision of 
the worth of that presented web page.  For example, if the web page shows a visible 
link that is of interest to the information seeker, they quickly become interested in what 
the web site offers.  This is an evaluative decision based on the quality of the 
information, how useful it is, whether there are other useful links and, the information 
seekers evaluation of the ‘authority’ of the page. 
 
The judgment of the quality of the page is made by the users ‘evaluative judgment’.  
Information seeker evaluative judgment is based on experience and determined by the 
‘look’ or characteristics of the page.  Sometimes, this creates a situation whereby the 
predicative judgments of the first page does not match the evaluative judgments of the 
second page and the information seeker decides to proceed or return to another page or 
source in order to find a page that they judge as being authoritative.  Alternatively, if 
the predicative and evaluative judgments match then the information seeker may use 
the information. 
 
Although the Reih and Belkin (2000) study focuses on the dimensions of information 
quality and cognitive process of information seekers, the study provides an insight on 
how information seekers think and react to web pages and their content.  It is 
worthwhile considering if a single web page requires too much reading, the information 
seeker will pass onto a different web page that is easier to read. 
 
Of ‘authority’, Schedler (1999) refers to provision by the author of their academic 
credentials and biographical information and the author’s affiliations as well as the 






The degree of being ‘official’ is recommended via the nature of sponsoring by its 
organization on the web site plus it being referred to in other references and cited 
works.  Additionally, there is the addition of other unique components such as the web 
site showing evidence of the work being an original contribution, bearing primary 
information and the degree of discourse that questions the ‘notions of authority, 
legitimacy, or originality on the web’. Schedler (1999). 
 
‘Integrity’ refers to the accuracy of the information on the site and also links to other 
web sites and the currency and how often the web site is updated. Also important is the 
presence and availability of archives as well as the number of times and dates the web 
site was updated.  Additionally, also provided is assurance of the comprehensiveness of 
the site in the form of contents, full text, links or provision of a site map.  Also 
important is the appearance that the information is accurate and comprehensive. 
 
Objectivity encourages the information seeker to ask what is the purpose of the website 
information, that is, is it for ‘light’ information in an entertaining manner or is it aimed 
at a deeper level such as to suit academic information seeker needs.  There is also the 
matter of the ‘tone’ of the website and whether it is written using informal jargon or 
formal language.  The presence of any form of bias exhibited by the content, author or 
organization is to be considered as well as asking does the web site promote values that 
are positive and objective.  These are the elements that provide authentication of 
authoritative information. Schedler (2002). 
 
Holscher and Strube (2000) researched the differences between information seekers 
browsing versus searching and in determining how those information seekers evaluated 
web pages for their authority, Holscher and Strube (2000) asked students why they 
selected a particular page to view, and what aspects of the page motivated them to 
make decisions on what to do next.  The answered questions revealed that 442 
predicative judgments were made and 156 (51.1%) of the participants were concerned 
that information quality of the web page was considered to be a ‘cognitive authority’.  
Words that indicated ‘cognitive authority’ were along the lines of ‘trustworthy’, 





Holscher and Strube (2000) also report that the total number of evaluative judgments 
was 534.  When the question relating to the information being ‘good’, ‘accurate’, 
‘current’ or ‘correct’ and ‘useful’ to assist in solving their information problem at the 
same time as being trusted information, Holscher and Strube (2000) found that 354 
(66.3%) of the participants were concerned with the quality of information and 
authority.  This is all very well, but it must be asked what level of skill and knowledge 
did the students have in order to recognize or qualify what constitutes quality and 
authority of the information.  Holscher and Strube’s (2000) findings are limited by the 
fact that they did not test the participants' information seeking.  Although this part of 
the Holscher and Strube (2000) research on the recognition of authoritative  materials 
and the students using words like trustworthy, reliable, credible etc. to determine 
authoritativeness of found materials etc., it is possible that the students may not be well 
versed in what determines authoritative material.  
 
Summation 
This section has provided information and argument on the issues of student 
information seeking behaviour and cognitive processes, and recognition and evaluation 
of authoritative materials. Thus it has drawn on the related student problems and has 
reflected on the importance that students must either be able to understand not only the 
English language but also the vernacular and colloquial expressions of their residential 
English language dialect as well as being able to effectively use online tools whilst 
being familiar with American and to a lesser extent, British English dialect and 
language.  
 
Also of consequence, is the issue of the provision of online tools that are easy to use as 
well as being able to access online information that are credible and hold authority. 
 
The inclusion of international students and language and recognition and evaluation of 
authoritative materials in this section and thesis has helped answer the research 
question ‘How can an online search tool assist students with evaluation of appropriate 
research materials?’ As well, it has shed light on information seeker behaviour and 





This section has provided information on how information seekers determine whether 
information found online is authoritative material appropriate for academic use and this 
has added to the body of knowledge by providing information of previous research 
whist adding to the subject of information literacy. 
 
It is observed that scholarly research on undergraduate and international student use 
of the internet/www, student information seeking behaviour and their evaluation of 
online academic materials may be enhanced by the development of computer 
programs that teach information seeking within the www context.  Online subject 
based search tools for the www have not previously been developed for teaching 
information seeking skills or teaching subject concepts to assist easier information 
retrieval in the digital environment  Thus, student’s information seeking behaviour 







2.5  Studies and Evaluations of Various Solutions  
 
This literature review commenced with theoretical models of information literacy 
which was followed by undergraduate student information seeking problems, 
information seeker behaviour and cognitive processes and, international students and 
language and then evaluation of online academic materials.  Continuing, this section will 
focus on solutions and will reflect on student relationships with search engines, 
electronic databases, Library of Congress Subject Headings, information literacy 
instruction and, concept based instruction.   
 
Earlier in this literature review it has been shown that when students are searching for 
information they prefer to be judicious in their use of time and effort.  In order to 
achieve this, student’s use a variety of techniques and methodologies such as using 
different search engines and directories whilst using natural language, that is, using 
language as it is spoken in the vernacular.  Consequently, information seekers have to 
alter their strategies and language according to the tools used.  For example, different 
search languages such as British, Australian and American English as well as various 
dialects, vernacular or colloquialisms are used according to the search engine and 
directory country of origin compared to electronic databases and libraries which use the 
Library of Congress Subject Headings.  This is best exemplified by information seekers 
using controlled vocabularies in electronic databases and in contrast natural language 
and/or vernacular when using search engines and directories.   
To provide information to libraries on the various information seeking computer 
programs available, their design and usability, Dorner and Curtis (2004) surveyed 79 
user interfaces which were evaluated in an eight broad categories.  The categories were; 
searching, user interaction, customization, authentication, design, database 
communication protocols, after sale support and, software platform support. 
The Dorner and Curtis (2004) research indicated that many of the program interfaces 
consisted of well known accepted standards in line with the eight broad categories 




The survey determined that the overall standard was high with approximately 75 per 
cent supporting the eight evaluation criteria.  The use of key searching and cross-
database searching will continue to be popular as well as the programs being used.  
Additionally, Dorner and Curtis (2004) add that they are also popular amongst 
providers of library services. 
The Dorner and Curtis (2004) survey findings revealed that because there were 
attempts to reduce information seeker time and effort, it was common to incorporate 
organizational branding, user login authentication screens and dialogue boxes to the 
interfaces.  Consequently, this adds an additional complexity in the form of additional 
steps that information seekers encounter, which in turn appears counter-productive to 
achieving the simplification of user interfaces and computer operation. 
The Redfern (2004) survey revealed that many novice information seekers believe 
that web tools such as Yahoo, Excite, AltaVista, Google, Netscape, Mozilla and 
Opera etc. are used for searching for information on the www and these tools used 
individually can find all information on the www that is related to the typed in 
query.  This belief is erroneous because there are differences between search 
engines, search directories and crawlers and how they operate.  Whatever the 
information seeker’s personal search characteristics or preferred tool, the 
inexperienced student may not be able to source or use some electronic databases. 
 
It has been stated by Field (1997) and Scheyvens, Wild and Overton (2003), that 
scholarly research on student use of the internet and student information seeking 
behaviour may be enhanced by the development of computer programs that teach 
information seeking within the www context.  Additionally, as Jansen, Spink and 
Saracevic (2000) said, it is important to provided tools that assist students to take the 
easiest and quickest path to find their required information and, as Danino (2001) puts 
it, it is important that computer programs are built to not only to suit individual 
preferences.  Additionally, Dix, Finlay, Abowd and Beal (2004) state that computer 
program usability is important and it must feel natural and easy to use.  The 
aforementioned Chapman (2002) and Redfern (2004) surveys have shown that  
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students, in selecting and using various online tools and search engines to suit their 
individual preferences, are attempting to find authoritative materials faster however, 
this is only beneficial if those students are able to recognize and evaluate those 
materials for their level of authority. 
 
2.5.1 Student Relationships with Search Engines 
 
Because of the number of different search engines available it is surprising that 
information seekers after a lengthy process, find what they are looking for.  This is 
mainly because those information seekers try different search engines until they find 
one that provides a solution. 
This literature review has previously shown that if information seekers can’t find what 
they are seeking they use a different search engine or directory (Chapman 2002) and 
Redfern (2004) such as Google or Excite. 
 
The reason for information seekers encountering unsuccessful search results is 
because of incorrect interrogation and the search engine misunderstanding what the 
user is looking for.  An example is that sometimes information seekers use the 
wrong search tool, such as directly accessing search engines for news on a general 
purpose search engine instead of directly accessing an online newspaper.  Sherman 
and Price (2001a.) use the analogy of using a screwdriver to drive a nail into a board 
rather than using a hammer.  Therefore, use the right tool for the right purpose and 
the task will be achieved more easily (Redfern 2004).  
 
As revealed in the research conducted by Ellis and Salisbury (2004), McNaught, 
Phillips, Rossiter and Winn (2000), Large, Lucy, Tedd and Hartley, (1999), Lindsay 
and McLaren (2000) and Moore (1997), many students use search engines such as 
Google, Google Scholar and AltaVista for information seeking needs.  However, 
these search engines are not designed for student or academic information seeking 
because they only search for information based on the information seekers typed in 
terms.  Unfortunately, typed in terms may cover a large number of subjects that are 





Because generic search engines are not specifically designed for academic research, 
the internet and www searching can produce a wide range of results.  Deibert (1998) 
conducted an unrestricted web page Google search using the term ‘asynchronous 
switching’.  This query produced the following results. 
 
Table 2: Google search using the term asynchronous switching 
 
Year and Search Query 
Tool 























Table 2 shows the results of the same query (asynchronous switching) reproduced 
from October 2004 to May 2007.  The same query in October 2004 produced more 
than 401,000 again from unrestricted web pages.  Also in October 2004, the same 
query was undertaken using Google ‘advanced’, using ‘exact term’ function, 





This action limited the results to 76, a figure that is more (asynchronous switching) 
manageable.  With the search limited to .edu, the result was 114.  A very large 
numbers of information seekers whether they are considered inexperienced or 
experienced may not know how to limit a Google search to .edu domain and if not 
this must affect the quality of authority of their obtained material (Redfern 2004). 
 
An unrestricted search using the same search term on all public available web pages 
was conducted in May 2005, the result produced a result of 580,000.  Using 
unrestricted web pages the search was again repeated at the same time and the result 
was 17,400.  However, if the term is considered a core concept and restricted to this 
core concept or term only and also limited to a domain such as .edu, the result was 
67 which in turn will make information seeking faster with a gain of more 
authoritative results. (Redfern 2007). 
 
During the period 2005 - 2007 Google implemented Google Scholar and this action 
and the upgrading of the Google search syntax has not appeared to help solve the 
problem of excessive ‘hits’ that are extremely difficult for information seekers to 
sort through and a part of this problem is the increase of new websites and 
information. 
 
2.5.2 Electronic Databases, Subject Headings and Consistency of Search 
 Terms 
 
McDonald (2000) whilst developing a viticulture knowledge based system found some 
core concepts used in viticulture were either not represented in the literature nor were 
they represented in the Library of Congress Subject Headings.  Various electronic 
databases such as Web of Science (WOS) for Science subjects, Informit Health for 
health subjects and, Georef for the geosciences.  However in catering for these specific 
interest groups they hold search terms and core concepts as per those particular areas of 
interest.  As McDonald (2002) says ‘A problem arises however, when different 
information professions address the same knowledge domain and there is no explicit 





McDonald continues to display differences in a schematic which portrays the 
differences between three educational domains of Librarianship, Teaching and, 
Information Sciences. The Viticulture domain housed 2201 concepts of which the 
concept ‘acid-soil conditioners is unique to the Library profession, ‘Australia’ occurs in 
both Librarianship and Teaching and ‘diseases’ is used by Librarianship, Teaching and, 
Information Sciences (McDonald [2002]). 
 
The Charles Sturt University Applied Science area has Viticulture as a specialization. 
In order to obtain the concepts and search terms for the database the curriculum 
specifications, lecture and tutorial notes, text books and two reference books were 
utilized as well as Viticulture research journals.  Following, these were compared with 
resources such as the Library of Congress Subject Headings (LCSH) 21
st
 ed. (no date), 
Commonwealth Agriculture Bureau International (CAB) Thesaurus, and Dewey 
Decimal Classification (DDC21) to determine if an extract from these sources could be 
used McDonald (2000).  McDonald (2000) also found various disciplinary differences 
in research methodological terms and as Feitzer (2002) states, inconsistencies such as a 
lack of up-to-date terminology or the increased use of common use of acronyms (e.g. 
SMS) and search terms have occurred because developers while continually seeking to 
improve their databases, online catalogues and web sites, are not able to keep pace with 
the rapid change of new or outmoded terms and these can be labour intensive to keep 
up-to-date as they are traditionally managed by an individual.  Thus, the thesaurus 
based system management and updating of terms of the core concept database is 
automatically done by the unique configuration of the software. 
 
The Library of Congress use subject headings, some electronic databases have inbuilt 
search term/keyword classifications, some also have a thesaurus and there are some 
electronic databases that do not display a list of terms.  Weidman and Strumpfer (2004) 
say that researchers whilst developing their search term, have to adapt their strategies 
according to the different electronic medium used.  Some databases are searched by 
keywords such as ‘policy’, search terms such as ‘policy analysis’, or free-text which is 
how the database searches for documents where terms such as ‘policy‘ or ‘policy 
analysis‘ occur.  Therefore, there is an onus placed on the information seeker to identify 
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correct search terms or combine them if the terms have not already been placed in the 
database by the indexer. 
 
Although some databases are similar, some terms may be evident in one database or 
catalogue but omitted in others.  Additionally, search terms are regularly changed, 
adapted or deleted.  Some variations between the Library of Congress Subject Headings 
and the Academic Search Elite database thesaurus terms is evidenced by the following: 
the terms ‘flight delay’, ‘day dreaming’, ‘debt management’, ‘fire back-drafts‘, 
‘flexible workplace practices’, ‘SARS’ and ‘SMS’, all of which are not listed in the 
Library of Congress Subject Headings (LCSH).  However, in Academic Search Elite 
the following suggestions are made; ‘flight delay’ - ’see easements’, ’day dreaming’ - 
‘use fantasy’, ‘SMS’ - ‘use test messages’.  ‘Debt management’ and ‘SARS’ are listed 
however, but ‘fire back-drafts’ and ‘flexible workplace practices’ are not listed 
although all these terms are in common use in everyday speech and media.  
Additionally, because of the different designs of databases, the functionality is not 
always the same and this can be a handicap to information seekers and here is a similar 
issue with information seeking when searching the www and using random words or 
phrases. (Redfern 2007). 
 
Fensel, Hendler, Lieberman and Wahlster (2003) state that information seeking on the 
www is different to databases because much information can be found by using any 
random word or phrase however, this is also true of electronic databases but because of 
the limited size of electronic database thesaurus and materials compared to the www, 
there is a need to use a variety of random words in the databases. Another issue is that 
compared to the www electronic databases hold a small amount of material.  On the 
www, it is unfortunate that the results list may be so large that finding information that 
is academically authoritative and relevant to information seeker needs is difficult.  The 
difficulty is compounded because the large number of commercial and personal 
’hobby’ pages on the www make it difficult to locate academically sound and refereed 








There are two things that are needed, the first is to develop a search engine or program, 
tool, web crawler etc that will address and overcome the problem of accessing a large 
number of commercial and hobby pages and the second is to improve information 
literacy instruction to help information seekers overcome the problem of avoiding 
unwanted web sites. 
 
The significance of this research and in order to answer the  research question; ‘To 
what extent are students’ information literacy knowledge and skills improved by the 
use of a specific online educational tool for finding relevant research information on 
the world wide web’, was by acknowledging other researchers attempts to address 
student information literacy problems and examining information seeker behaviour. 
 
2.5.3 Information Literacy Instruction 
 
Information literacy instruction has increasingly grown in education over the past thirty 
years.  The growth has been accompanied by theoretical and practical responses in the 
form of increased development and implementation of initiatives that further the 
student knowledge and expertise.   
 
Besides the information literacy skills of Webber and Johnston (2000), Doyle (1992), 
Lenox and Walker (1993) and Goetsch and Kaufman (1998), the Association of 
College and Research Libraries (ACRL) Information Literacy Competency Standards 
for Higher Education (2000) in the United States also place emphasis on a person’s 
value system and their understanding of the legal and social issues surrounding the use 
of information and its ethical use. 
 
Although training and education in information seeking skills and strategies are taught 
to students and others, it is common for information seekers to still experience 
difficulty in finding their required information on the internet.  Sherman and Price 
(2001) express the opinion, that the difficulty lies in a combination of information 
seekers not being able to effectively develop search strategies and also the seemingly 
uncontrolled nature of the www.  In the forgoing literature review it has been shown 
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that difficulties exist in information seeker skills however, Sherman and Price (2001) 
further assert that material on the www/internet must be optimized in order to provide 
more educational opportunities for novice and advanced researchers. 
 
2.5.4 Information Literacy and Tools 
 
The concerns for undergraduate and postgraduate students, as expressed by Lindsay 
and McLaren (2000), Nachmias and Gilad (2002) and Weidman and Strumpfer (2004), 
could firstly be addressed by encouraging students to become efficient information 
seekers and secondly to use efficient www search tools to find, access and evaluate 
academic information.  This, in turn, would assist in the provision of academic and 
digital literacy in libraries and universities as supported by Moore (2003).  The 
provision of an online search tool that is intuitive would be a positive compromise by 
library educators and student researchers, as both parties would have their information 
seeking needs addressed.  Library educators are focused on library services and 
products, but students shop around for their information needs and one of those shops is 
the www. 
 
On skills based problems and the use of the internet to locate academic materials, 
Chapman (2002) and other researchers who focus on library studies, believe the path to 
success lies in providing more training.  However, Berners-Lee (1999) who is focused 
on computer technology, sees the problem being solved not by more training, but rather 
by the provision of internet search tools that assist researchers and other information 
seekers.  It may be preferable to see the provision of information literacy instruction 
embedded into academic curricula as a composite of both library studies and 
information literacy education and computer technology. It is better to provide a 
holistic solution which fits in with the lifelong learning paradigm in order to not only 
provide easier searching and a more productive outcome with the generation of 
authoritative material but also to ensure it is a learning experience for the student and to 
address both undergraduate and international student concerns.  Another concern is that 
it is important to ensure the development of information literacy instruction tools to 
assist students with information seeking and it is an advantage if those tools are 




The difficulties of using electronic databases and the ease of using the www is why 
Scheyvens, Wild and Overton (2003) and Lacina (2002) advocate development of 
academic online search tools and products such as; Google which is a generic online 
search tool, Google Scholar which allows users to access articles, books, theses, 
abstracts etc by searching by author or title etc. (Holzberg 2006), Wolfrem Alpha 
(2008) which is an online computational knowledge engine and online scientific 
database, Excite which is an online search tool, PILOT which is an information literacy 
tool located at the Queensland University of Technology, RDB Virtual Training Suite 
which is an online set of tutorials designed to improve information seekers with internet 
searching skills.   
 
Although tools such and online services such as Excite, PILOT and RDB Virtual 
Training Suite provide information and skills development activities to assist 
information seekers, they do not provide an opportunity to teach or inform information 
literacy while information seekers are searching for information on the internet and 
www however they are heading in the right direction of online search tools and 
products that Scheyvens, Wild and Overton (2003), Lacina (2002) and more recently 
Holzberg (2006) who also support the development of tools such as Google Scholar and 
Wolfrem Alpha.                                                                                              
 
To assist students and other information seekers and to allow information seeking to 
become easier, Buzikashvili’s (2005) supports Jansen, Spink,  Saracevic and Tefko’s 
(2000) argument of putting an online tool into an academic context and adapting a well 
used and known technology such as the www to support information literacy.  A way of 
students learning information skills whilst searching online is the development of a tool 
that provides core concepts and information literacy instruction that is viewable while 
students are undertaking a search on the www.                                                             
 
Yang (2004) says the www is diverse, unpredictable and information seekers often see 
the www as a large bookshelf holding the world’s collective knowledge.  Educational 
institutions are constantly attempting to support students by providing the most up-to-
date equipment and teaching tools but if students experience difficulties using 




Drewry (2007) conducted research on Google Scholar and Windows Live Academic 
Search (WLAS) and sees that both Google Scholar and Windows Live Academic 
Search are examples of blended databases.   He sees blended databases as a new type of 
tool that provides fast access to academic content as well as citation analysis 
capabilities. Blended databases are a search tool that houses a search engine such as 
Google however a blended database also has access to academic content as well as 
citations and other such services that are exampled in Google Scholar.  Drewry (2007) 
sees these blended databases as a new style of tool that provide free, speedy access to 
academic content as well as having citation analysis capabilities, linkage to individual 
library holdings and other services. Though researchers have published dozens of 
theoretical and empirical studies involving these tools, none have yet described how 
they were actually being used in a variety of academic settings. 
 
Drewry (2007) sent questionnaires to 540 librarians at 108 ARL libraries to learn how 
they deployed Google Scholar and WLAS in reference and instruction sessions. 
Participants were asked to provide information on the ways that non-traditional 
databases are affecting research in academic libraries. Drewry (2007) found that 
librarians expressed mixed reactions about Google Scholar’s popularity and usefulness 
and Drewry (2007 felt that this is forcing librarians to acknowledge the ‘possible 
arrival of a new paradigm in academic research’.  There have been a number of 
information literacy tools that have been developed for different purposes.  Some have 
been developed to teach information literacy skills, to use as assistance in writing 
assignments, student information literacy knowledge building tool, or to use in the 
process of information seeking.  To provide examples of these tools and to examine 
provide an overview, the tools covered in this section are Web-Ezy which is a program 
for library information tutorials, PILOT which is learning tool to assist with the 
development of knowledge, RDN Virtual Training Suite which is a set of tutorials to 
improve internet searching skills and is provided by Monash University. 





Table 3: Online information seeking training and tools 








Internet for Images, 
Internet for Video, 
Internet for 
Archives 





Has Subject Core 
Concepts 






 No Search Facility 




Table 3 provides conceptual alignment of three IL education tools.  The table provides 




PILOT is a text based learning program developed at the Queensland University of 
Technology.  It is being used in twelve Australian universities and four overseas.  
PILOT is a learning tool to assist students to develop and use skills to find and evaluate 
information.  The url is https://pilot.library.qut.edu.au/ 
 
The online tutorial consists of six modules which are: Determine your information 
needs, Identify and obtain information, Evaluate your information, Manage your 
information, Synthesize and communicate your information and, Use your information 
appropriately.  The modules are supported by a quiz that is used to support the training 
and when the quiz has been completed the student gains a PILOT License. 
PILOT informs on the development of subject concepts as well as building search term 
vocabulary whilst considering alternative terms that are broad, narrow or related.  
PILOT also has examples of search strategies as well as a glossary of library terms and 








RDN Virtual Training Suite 
 
The RDN Virtual Training Suite is a collection of online tutorials to help improve 
information seeking skills online. It is self driven and there is a component of quizzes 
and interactive exercises.  The Virtual Training suite provides a program called Internet 
Detective that teaches the user ‘to discern the good, the bad and the ugly for your online 
research’  other online tutorials that are available are: Internet for audio resources, 
Internet for image searching, Internet for video & moving images and, Internet for 




Web-Ezy is software is a shell that is used to develop a customized, interactive, web-
based library and information skills program. (National Library of Australia [2003]).  
Web-Ezy is a software shell that was used to customize an online tutorial for 
information skills.  It was provided as a new service at the National Library of Australia 
(NLA) and was renamed Teach Yourself Online. At the time of writing this review, the 
online tutorials are no longer available.   
 
Summation 
The thrust of this section was to highlight the deficiencies in information seeking and 
the need for a variety of search strategies.  At the time this research commenced, 
problems that existed were inconsistencies of search term/keyword thesauri and the 
varied use and understanding of the English language dialect.   The development of the 
online core concept thesaural database and search tool that was built for this research 
was attempting to address and solve the problems and evaluate the success of the 
solution. Although there have been a number of information literacy tools developed 
for teaching information literacy face to face as well as in text, slideshow, html or 
other, there is no evidence of tools developed in an online search tool format to teach 
and/or inform students on information literacy. The IL educational tools studied lack 







In the research on information literacy and the provision of alternative methods of 
teaching information literacy such as online instruction, the provision of an online 
search tool holding core concepts whilst providing simple information seeking 
instruction in establishing key words and search terms had not previously been 
developed.  This suggests the value of developing such a tool and measuring the 
response of students whilst using the online search tool, in an attempt to answer the 
two research questions; ‘How can an online search tool improve students’ 
information seeking knowledge/skills’ and, ‘How can an online search tool assist 
students with identification of search terms?’ 
  
2.6 Summary and Contribution to the Body of Research 
 
The aim of this literature review was to examine information literacy and frameworks, 
undergraduate student problems with finding and evaluating information as being 
authoritative, information seeking behavior and the educational solutions that have been 
developed. 
 
This literature review has: examined past research and developments in the field of 
information literacy; established the previous success of research and development 
related to information seeking, use of search terms and student evaluation of found 
information; outlined the development of online digital solutions for teaching 
information literacy; explored whether digital tools can assist students to ascertain 
the authority of online materials; determine the current status of IL education tools 
and their value to students. 
 
The main research question is;  
 
To what extent are students’ information literacy knowledge and skills improved 
by the use of a specific online educational tool for finding relevant research 







Although the literature review contributed towards answering the main research 
question, this is not able to be completed until after the experiment and will be included 
in the conclusion of this thesis. 
 
The three sub-questions: Can an online tool assist students with identification of search 
terms?  Can an online search tool assist students with evaluation of appropriate 
research materials?  Can an online tool assist students with identification of search 
terms? have been addressed in this literature review.  
 
The growth of information literacy research over the past thirty years has seen many 
theoretical and practical improvements during that period.  This has been accompanied 
by theoretical and practical responses in the form of increased development and 
implementation of initiatives both in information and digital literacy as well as the 
development of digital tools to further the knowledge and information seeking skill of 
students.  Webber and Johnston (2000) and Doyle (1992) both state that an information 
literate person is one who is able to not only to recognize when information is needed, 
is able to find that information but is also able to use that information effectively.  
Additionally, it has been established that an information literate person is one who is 
able to critically reflect upon the information seeking process – something that the 
educational tool developed and tested in this study seeks to foster. 
 
The literature covers a continuum of user interaction and cognitive processes whilst 
using the www for information seeking.  It has been demonstrated in this research that 
information seekers follow the path of least resistance whilst thinking about how best to 
solve their information seeking problems by using tools such as Google and the www 
in preference to library catalogues and electronic databases.  It has also been 
demonstrated that because information seekers experience difficulties using traditional 
library resources they feel driven to use the www for their information seeking.  One of 
the drivers is that work and study commitments are encouraging information seekers to 







Scholars such as Khulthau (1995) and Bruce (1997) have developed information 
literacy models such as Khulthau’s (1995) six stage model and Bruce’s Seven faces of 
Information Literacy to assist students in their information gathering, assimilation and 
evaluation.  
 
In the section Information Literacy Frameworks and Models it has been demonstrated 
that there has been a substantial growth of information and digital literacy over the last 
twenty years.  This growth has seen the development of many information literacy 
systems and models and attempts to teach digital literacies, such as Eisenberg and 
Berkowitz (1988) and their implementation of the Big 6 into an academic curriculum.  
These systems and models have often been governed by information literacy 
frameworks such as the Australia and New Zealand Information Literacy (ANZIL 
2007) framework.   
 
The design and development of the tool used in this study and the inclusion of the 
instructional mode in the design are based on the ANZIL (2007) framework, which has 
informed this and previous research.  After considering all the different models and the 
alignment of Hannafin and Hill (1997) and Eisenberg and Berkowitz’s Models (1988) 
of cognitive process and information literacy and various online information seeking 
training and tools, it has become evident that the six steps of information seeking in the 
Eisenberg and Berkowitz’s Model closely align with the other well-established models 
and could form the basis of the instructional aspect of the online core concept tool 
proposed for this study. The literature review produced several IL frameworks and 
models that could have been used to inform development of the educational tool 
developed for the purposes of this study. In the end, Bruce’s theoretical model, with its 
seven faces of information literacy, was seen as aligning most closely with the design 
and function of the proposed tool (discussed further in Chapter 4).  
 
Information seekers experience difficulty in finding required information on the www. 
But as Sherman and Price (2001) state, the difficulty is that information seekers are not 
always able to effectively develop search strategies.  The difficulty is added to by the 
varying content of many websites, some of which have what is considered authoritative 
material but some of which are lacking both in information and credibility, thus, it is 
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student information seekers who must learn to recognize what constitutes an 
authoritative resource.  Although there are differences in the quality of websites and the 
www is relatively uncontrolled, this can be a challenge for the less experienced 
information seeker especially if they find difficulty with developing keywords and 
search terms as demonstrated by Chapman (2002) and if most students use single word 
searching. Although information seekers want to find information as quickly and 
efficiently as possible and with minimum effort, this means that to help students to 
conduct a search it is important to also examine their information seeking behavior 
(Marchionini 1995; Jansen, Spink and Saracevic 2000).  
 
There are many factors in this literature review that provide evidence for and reasons 
why information seekers experience difficulties in finding appropriate information in 
readiness for use in assignments and other academic papers.  
 
Some of these other reasons are: lack of knowledge, difficulties and unpopular use of 
Boolean operators, how to effectively identify and use search terms, identification and 
recognition of authoritative materials on the www.  This empirical research in the 
literature review covered various topics in order to address the research question for 
this thesis. 
 
Information seeking behavior and cognitive processes, international students and 
language and recognition and evaluation of authoritative materials has been reflected 
upon and has highlighted the importance of all students being able to understand what 
the information seeking processes are but also being able to use their cognitive powers 
by thinking, planning and putting into place strategies that will produce a successful 
information seeking outcome. As Navarro-Prieto, Scaife and Roger’s (1999) concluded, 
information seeker success depended on behavior cognitive processes. 
 
There were a number of deficiencies in information seeking that affected students.  It 
was a challenge for students to realize that thesauri in varying electronic databases were 
not consistent and that using the same search term in one electronic database would not 
necessarily lead to a productive outcome in another, and that the Library of Congress 
uses Subject Headings and very few used subject core concepts.  It is the aim of this 
research to produce and provide a tool that would address these problems and in turn 
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assist students learn information literacy skills and the rigors of information seeking 
and inform and teach students how best to conduct an online search.  By developing a 
specialist educational tool that shows students the steps of information seeking will 
provide a way to improve student information literacy knowledge and skills whilst 
helping them find relevant information on the world wide web and in turn, also address 
the main research question of this thesis. 
 
In some ways, this research has a focus on the problem of teaching information literacy 
to students who have not learnt these skills because of generational or cultural issues 
and this research has identified various inhibiting factors that impose on information 
users’ ability to easily, effectively find and use information to their best advantage.  
 
Some other information users who experience difficulties are international students and 
those who experience difficulties when using the various dialects of the English 
language such as Non-English Speaking Background students (NESB).  The difficulties 
they experience are caused by the varying use of colloqualism and dialect in 
information seeking tools as well as inconsistiencies in digital tools search term 
databases.  Besides, other English language speaking students, international and NESB 
students also turn to using a proprietry search engines or tools such as Google for their 
information seeking needs.  However, because of the unregimented and uncontrolled 
nature of the internet and www, consistency in the use of search terms and the fact that 
often materials that could be valuable for academic purposes are often not registered 
with a large number of search tools such as Yahoo, Google etc., those materials are 
unable to be found on the www and are seemingly a part of the ‘invisible web’.  
 
As well, there is the difference in developing search terms in a Library database 
compared to terms used on the www.  Library of Congress Subject Headings are 
standardized wheras searching on the www can be done using any word, phrase or a 
combination of a number of words or phrases.  
 
There is also the issue of language that encompasses not only the English language 
but also vernacular and colloquial expressions of their residential English language 





Ramburuth and McCormick (2001), Scheyvens, Wild and Overton (2003),  Leder 
and Forgaz (2004), and especially Badke (2002) assert that not only is writing at an 
academic level a challenge for international students but so is working 
independently and conducting research, and these problems must be addressed to 
overcome student academic demands to ensure success. 
 
This review has addressed the shortcoming demonstrated that until this research an 
online information literacy tool with full search functionality has never existed.  Thus, 
there has been no previous research conducted on such a tool.  There are online 
information literacy search tools to help students learn and practice their information 
literacy skills such as the steps of information seeking as well as how to evaluate online 
research materials for authoritativeness and they have been examined in this research. If 
such tutorials are not embedded in the curriculum, their educational value is limited. 
 
There are no educational information literacy tools online that are purposefully built 
with www search functionality.  Additionally, an educational online search tool which 
is subject based and houses subject specific search terms and concepts in its database 
has also never previously been built.  There are online information literacy resources to 
help students with information literacy information seeking steps and the criteria used 
to evaluate online research materials for authoritativeness but there are no online search 
tools whereby an information seeker may view instruction on information literacy 
whilst conducting an online search.  Therefore, the building of the database and online 
search tool and experiment conducted for this research project is expected to inform 
education in the area of information literacy and promote good practice. Although there 
are existing web solutions to assist students with particular information seeking tasks, 
there is a lack of research and development of online search tools to assist students with 
learning to develop subject based search terms and also to evaluate online materials 











3 The Research Design 
3.1 A Two-Phase Study 
3.1.1  An Overview 
 
This research and study was prompted by the recognition that undergraduate 
students were experiencing information seeking difficulties.  Those difficulties were 
related to the development of search terms and using them to find information in 
subscription databases and on the www.  Even once materials were found the issue 
of identifying those materials that are authoritative and appropriate for use in an 
assignment was also a problem.  
 
As shown in the literature review there have been many models of information 
literacy developed and there have also been information literacy instruction 
packages provided in the form of web tools that provide either textual based 
instruction and/or web pages that have the instruction as a game or quiz.   
 
There has never been an online tool such as the one developed for this study, which 
holds subject core concept terms, provides access to the www to conduct a search for 
authoritative materials, using those core concepts, and contains an element of 
information literacy instruction.  Additionally, such a concept and tool has never been 
evaluated for its effectiveness. The aim of the study was therefore to develop a search 
tool, based on a constructivist approach to education and learning, that embeds both IL 
instruction and subject core concepts, and to test it out on University of Canberra 
undergraduate students.  
 
The experimental approach to this research was designed to evaluate whether such a 
tool would be beneficial for information seekers and therefore answer the main research 
question: ‘To what extent are students’ information literacy knowledge and skills 
improved by the use of a specific online educational tool for finding relevant research 
information on the world wide web.’  This main research question was designed to 
evaluate and address student current knowledge of the steps of information seeking and 
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whether an online search tool that displays the six steps of information to students 
while conducting a search on the www would be of value. 
  
The experimental research is built on the current knowledge of student information 
seeking skills and levels of information literacy and seeks to establish whether the IL 
skills and understandings can be fostered by such a tool. 
 
The first step involved to organize the conducting of the experiment was to arrange 
permission from the University Computing Centre to book a number of computer 
rooms to hold the experiment and have access to the tool provided.  The second step 
was to consult with the Subject Convener of International Foundation Studies 
(which was seen as especially relevant to the study; see below) to gain permission 
and assistance to enlist students enrolled in the subject to participate in the 
experiment.  The third step was to conduct a pilot test to ensure the online software 
was compatible with the University computers, the design of the questionnaire was 
appropriate and, the process worked.  The fourth step was to enlist participants and 
the fifth step was to conduct the experiment. 
 
It is clearly acknowledged as documented below that the number of participants was 
disappointingly low.  This placed limitations on any conclusions that could be drawn 
from the findings.  
 
In order to overcome the problem, a different research design could be implemented 
in the form of an academic assignment as a component of the subject area and 
student assessment. This therefore means that all students in the subject International 
Studies Foundation would be participating in the experiment however it would be a 
component of their normal assessment work.   Additionally, as well as embedding 
academic assignments in the research design, increasing the number of subjects 
available in the tool's database and including students from other academic courses 
and universities and colleges, this would provide a greater number of participants 
across a wider scope of education and help obviate the need for Phase 2.  Following, 






In hindsight, it would have been beneficial to delay the results of the experiment for 
a year during which time the research design could have been revised and a greater 
cohort of participants enlisted from other educational institutions for the experiment.     
In turn this may have produced results that would provide more validity than those 
previously produced.   
 
Following the lack of participants for this current research, an extra phase of data 
gathering was designed in the form of Phase 2 and this was aimed at establishing 
what participants thought of the core concept thesaural database and search tool (see 
section 3.2).   
 
3.1.2  Experimental Methodology 
 
An investigation of research methodologies in Gay and Airasian (c2003), Charles 
and Mertler (2002) and Fitz-Gibbon and Morris (1987) revealed that the most 
appropriate research design for the testing of the core concept search tool was 
experimental.   
 
This is experimental because in experimental designs, participants are randomly 
assigned to experimental and control groups.  This research and experiment drew a 
low number of participants because the researcher had to fit in with student needs 
and availability for the experiment, however, the experimental design was still 
considered appropriate for the research. Experimental designs dictate that after an 
experiment has been completed all participant results are measured to determine the 
effects, if any, have occurred as a result of the experiment.  Data are usually 
obtained in the form of scoring on a post-test and includes testing for significance of 
difference and this was done by using the data from the experiment. 
 
Participants were students enrolled in the subject International Studies Foundations 
in the School of Languages, International Studies and Tourism at the University of 
Canberra.  There was a control and an experimental group and the experiment 





The research methodology is known as approximate equivalent control group, 




Because this research was intended to help undergraduate and to a lesser degree, 
international students, it was necessary to select a subject in which the student 
consort were from these demographics.   
 
Early estimates of the number of students enrolling in International Studies 
Foundations were 300 but the researcher felt an expected enrolment of about 200 
was a more realistic number from which to source possible participants for the 
experiment.  As it turned out, the number of enrolled students for the subject in 2006 
was approximately 140.  The experiment was planned to be conducted only during 
Semester 2.  The experiment was conducted using a control and an experimental 
group. The total number of participants was 37 of which 24 were in the experimental 
group and 13 in the control group.  The reason for the low number of participants 
was simply because the invitation to participate in the experiment was declined. 
Although it was hoped that there would be more participants, those participants were 
expected to be a representative sample of students (primarily mature aged students) 
enrolled in the subject International Studies Foundations at the University. 
 
3.1.4 Population and Sample 
 
The sampling was a convenience sample within the University of Canberra and 
participants were international or Australian students enrolled in International 
Studies Foundations during Semester 2, 2006 in the Division of Communication and 
Education. International Studies Foundations is a year-long two-semester subject 
that is broken into two halves.  Semester one provides an overview of the subject 
area and the majority of topics have an Australian focus and Semester two is focused 






The rationale for undertaking the research at the University of Canberra included the 
fact that the researcher worked and studied at the University, as did her primary and 
secondary supervisors.  The researcher also had formed relationships with staff at all 
levels and was familiar with the University’s computer laboratories.  This meant the 
researcher was conversant with the environment, constructs and culture of the 
University of Canberra and this made it easier to conduct the experiment at the UC 
campus rather than using students enrolled in another subject at another university.  
 
The rationale for selecting International Studies Foundations was based on a 
combination of reasons including the researcher’s personal interest and the 
international nature of the subject.  Also, the subject contained a wide base of 
concepts available on the internet, it was a compulsory subject and it potentially held 
a large number of students.  It also provided an opportunity to conduct the 
experiment as both an investigation and as a learning experience for those students 
fitting the lifelong learning paradigm.  The subject comprised a mixture of topics 
such as culture and communication, international politics, globalization, intercultural 
communication, cultural literacy, global systems of government and sustainable 
development. There also was a strong representation of international and mature 
aged students – both regarded as ‘at risk’ groups in terms of IL understanding and 
skills – and this was expected to provide evidence that the core concept online 
search tool would particularly assist these groups whilst also teaching/informing 
information seeking skills. 
 
Participants were sought in order to evaluate their interest in the research and to 
encourage their involvement in the experiment.  Because the International Studies 
Foundations convener was a subject specialist in the field, she was asked to assist in 
the development of the proposed three research questions that were to be put to the 
experimental group participants.  Because the experiment took place near the 
beginning of semester two and students were not yet familiar with the international 
topics of the subject, the convener advised that it would be more prudent to develop 
the research questions based on the first semester’s work.   Therefore, the subject 
convener was the principal agent who assisted with the development of the 
Australian-based research questions and the possible search terms related to the 
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questions that were available in the online core concept thesaural database. 
 
The experiment could have shown that the core concept thesaurus was helpful to 
mature aged students, however because the majority of the sample were aged under 
24, this only provided evidence for the younger rather than older students. The 
researcher would have preferred the sample to closely match the percentage of 
mature aged students enrolled in the subject.  The experiment was devised to see if 
the core concept thesaurus would assist students in their information seeking and 
more specifically, to find whether a specific demographic group in the sample were 
assisted rather than the whole sample itself. If a specific demographic group within 
the sample was assisted rather than the sample as a whole, this would have added to 
the value of the research.  However, if evidence showed that any participants 
benefited from using the online core concept tool, this was still considered enough to 
provide sufficient data to inform the research question.  
 
As encouragement to participate in the experiment, all participants were able to print 
out information sourced on the www to be used in their academic studies and were 
also provided free and unlimited access to Rootza until the 31
st
 January 2007.  This 
access was extended and there was not a scheduled date when it would be 
discontinued. 
 
All research was conducted under the guidelines of the University of Canberra’s 
Committee for Ethics in Human Research Human Ethics Manual (2005) as well as 






3.2  Phase 2 of the Study 
 
Initially, the experiment was expected to be conducted with a large number of 
participants because in previous years there were a large number of undergraduate 
and international students enrolled in the subject International Studies Foundations.  
However, in the year of the experiment, the number of international students was 
surprisingly small.  Consequently this meant that it was necessary to conduct the 
experiment again in a second phase. 
 
There were various ways that the Phase 2 participant experience could have been 
evaluated but the method of using the think-aloud protocols as advanced by Lewis 
and Rieman (1994) was used. Because the measurement of knowledge and learning 
of the steps of information seeking or the criteria for the authority of online materials 
were not being measured, as it had been in Phase 1, it was not appropriate for 
participants to undertake the same quantitative testing.  The process of a full 
qualitative questionnaire as per Phase 1 was considered for the evaluation however, 
it was felt desirable to keep the process as simple and effective as possible as the 
information to be elicited from participants was related to their thoughts and feelings 
while they were using the tool. Hix and Hartson (1993) also advocate the use of the 
think-aloud protocol for this type of evaluative research, saying there can be 
disadvantages such as the slowing down of participant thought processes during an 
experiment which can lead to slower working, but more care would be taken with 
less errors occurring. Consequently, it was decided to use the think-aloud method as 
advocated by Newell and Simon (1972), Lewis and Rieman (1994) and Hix and 
Hartson (1993).   
 
The think-aloud method involves participants saying what they are thinking as they 
perform a task or series of tasks.  They are asked to say what they are looking at, 
why they are looking at it, what they see, what they are doing or thinking of doing 
and what they are feeling while they perform the task/s.  This allows the observer 
(researcher) to take notes not only on what the participant says and does but also to 
take notes on participant behavior and how they are reacting to the task they are 
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performing with the object they are using, in this case, the online core concept 
thesaural database. 
 
The think-aloud method had a number of advantages over other research methods.  
By using the think-aloud protocol it was possible to ascertain participants’ feelings 
and thoughts immediately which was advantageous as it is a method that provides 
information from participants whilst lessening corruption of data because of its 
immediacy. Participants’ thoughts and feelings were expressed verbally and 
recorded on a hand held tape recorder. By using this research method it was 
specifically hoped to capture on the recording student verbal expressions and 
information that was related to the research questions. 
 
Phase 2 was principally designed to ascertain a deeper understanding of how 
participants would use the tool, the steps they would take whilst using the tool and 
also to determine if using the tool would assist ease of use for participants.  
Therefore, Phase 1 was conducted as an experiment and Phase 2 was conducted as 
an evaluation.  Phase 1 quantified participants’ use and results of using the online 
tool, whereas Phase 2 qualified participants’ opinions of the tool and assessed the 
changes made to the database and web page design. 
 
The relevance of Phase 2 was couched in providing additional information on the value 
of the tool.  Phase 2 was added to the study not only to gain extra participants but also 
to help provide relevance to the initial research question which was asking whether 
student information literacy skills could be improved by a purpose built educational 
search tool.  It was hoped that the three sub-questions ‘Can an online search tool 
improve student information seeking knowledge/skills’, ‘Can an online search tool 
assist students with identification of search terms’ and ‘Can an online search tool assist 
students with evaluation of appropriate research materials’ was going to provide some 
form of answer in Phase 2.  This is because the participants in Phase 2 were students 
studying at both CIT and university and they may see the tool as something they could 
use to assist them in information seeking for their assignments.  However, because of 
talk aloud protocols and accepted practice of only asking the scheduled questions and 
adding encouraging remarks, forecasting the student responses when using the tool was 
an unknown.  Therefore, the responses generated in Phase 2 did not particularly relate 
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to the research sub-questions. Because the participants provided statements that 
indicated a lack of interest in learning about the six steps of information seeking, this 
does provide an answer to the main research question which was ‘Can student 
information literacy knowledge and skills be improved by the use of a specific online 
educational tool for finding relevant research information on the world wide web’.  For 
Phase 2 the answer is no because the students indicated a lack of interest because if 
they were interested, the answer would have been yes. Therefore, although the answer 
is in the negative, the research question is answered. The relevance of Phase 2 to the 
main research question is not strong because there was no indication from the 
participants that the tool would be helpful.  This is evident because there was only a 
mention from one participant who said that the tool would help them find information 
that was not accessible using Google.  Another said they were not interested in using 
the information on the six steps and the six criteria for recognition of online citation. 
 
The design of Phase 2 could have benefited by the provision of an additional sub-
question in the research design and a change of focus.  Instead of focusing on student 
opinion of the tool it would have been more useful to determine how undergraduate 
students evaluate search results.  Indeed, an additional sub-question and change in 
focus would provide more relevance to the research questions.   
  
There could have been extra research questions added into the research and these could 
have been along the lines of ‘Are students interested in learning the steps of 
information seeking?’ or, ‘Are students successful and adept at easily finding 
information appropriate for use in academic assignments?’  By adding these questions 
to the research it would in the first instance verify student interest in learning the steps 
of information seeking and therefore determine whether or not the research is 
worthwhile conducting again.  The rationale behind this is that if students are not 
interested a positive outcome may not be possible because an uninterested student gains 
less than one who is interested.  Regarding the question on students being adept at 
finding authoritative information, this question could have added to the value of the 
research by examining the different ways that students view the factors needed to verify 






The data collected from student found documents for the experiment did detail the 
authoritativeness of found information.  The examination of documents revealed how 
many held the date of authorship and/or date updated, name of author, name of 
organization and whether contact details of the author were provided  etc. but because 
of the small number it was decided to not mention it in the thesis.  However, if there 
was a greater number of participants and more data produced then the data would have 
better informed the research question.  With the additional questions and additional 
data, this might have addressed or partially addressed not only the research questions 
but also to add value to the research. 
 
Following the completion of the Phase 1 experiment, the online core concept 
thesaural database and web page underwent some changes. The changes were in the 
page design, the data and the program coding and database structure.  The changes 
were intended to make the web page more appealing, user friendly and useful.  More 
subjects were added along with additional speed to the programs’ search capacity. 
 
Phase 2 was implemented to evaluate updated design changes made to the tool since 
the initial program and experiment was conducted in the preceding twelve months.  
The changes to the web page and database were new fonts, web page design and 
inclusion of additional subjects.  
 
The subjects used for Phase 2 were: 
 Education Foundations 
 Information Systems in Organizations  
 Information Technology in Education  
 International Studies Foundations A  
 International Studies Foundations B  
 Organizational Leadership  
 Organizational Management  
 Society and World Politics  
 Sociology In Education  




Because participants came from a variety of backgrounds and education, the 
inclusion of the above subjects provided the Phase 2 participants with a much wider 
choice of subjects which in turn, was expected to increase the level of interest for 
participants whilst they used the tool. 
 
The researcher’s office was used for Phase 2.  The Phase 2 experiments took place 




The Phase 1 and Phase 2 variables are notably different in the testing environments.  
Phase 1 was in a computer laboratory at the University of Canberra. Phase 2 was in 
this researcher’s office at the University of Canberra.  Independent variables such as 
age and language skill were similar in both groups, however the gender variables 
were opposite.  Because Phase 1 was initially intended as the only experiment for 
this research, with Phase 2 added later with additional participants as an evaluation 
of the tool and its upgrades, it was decided to exclude extensive demographic data 
such as geographic background, language, knowledge of the internet and computer 
literacy levels of the second set of participants.   
 
The dependent variables in Phase 1 of student recognition of core concepts for the 
subject and ability to find information related to those core concepts, was not a 
factor in the Phase 2 evaluation. Also not a factor was participants’ ability to 
measure the suitability of online documents for academic citation.  Phase 1 was 
focused on evidence of students learning the steps of information seeking and the 
criteria for the academic suitability of online materials.  Phase 2 held no component 
of recognition of research terms, core concept questions or recognition of citation 
evaluation and its relationship to the research question.  The relationship between 
the Phase 1 dependent variables and the independent variables was important 
because they were a factor in measuring participant outcomes whereas the dependent 
and independent variables were less important in Phase 2 because Phase 2 was 




The measurement of dependent variables was undertaken by using a combination of 
questions asked in the pre-test questionnaire and this was later compared to the same 
questions in the post-test questionnaire.  The pre-test questionnaire had provided 
research questions in which participants were asked to identify search terms.  The 
post-test questionnaire asked participants to write down search terms they 
remembered using during the experiment.  The evaluation between the pre-test and 
post-test questionnaires also allowed for examination of participant ability to 
recognize and evaluate online documents for academic suitability.  As detailed 
below, the questionnaires used may be seen in the Appendixes. 
 
The dependent variables were student recognition of core concepts of the subject, 
ability to find relevant articles, evaluation of their suitability for academic citation 
and the value of the article in the context of the research question.  The link between 
dependent variables may reveal successful results shown by the quality and the 
number of academic or authoritative materials sourced on the www. The quality of 
the materials found on the www was gauged by the six criteria for citation of online 
materials. 
 
The measurement of the independent variables was undertaken by obtaining and 
using demographic data provided by the participants in the questionnaire 
instruments.  The independent variables were age, gender, self confidence, language 
skill, computer skills, previous knowledge of the subject core concepts, existing 
knowledge of the subject, educational background, knowledge of the internet, www 
and search engines such as Google and Excite as well as internet interfaces such as 
Netscape, Microsoft Explorer and Mozilla. 
 
The impact of confounding variables for the experiment was negligible.  Because the 
experiment took place mid semester when there were no pressures of exams, no 
large assignments due or pending, confounding variables were not a factor that 
should have an impact on the research.  Therefore, measurement of confounding 






By containing internal variables such as the experimental environment of a computer 
laboratory and computer equipment that was familiar to the participants, and limiting 
the experiment to students enrolled in International Studies Foundations, it was 
expected that the research would provide internal validity in testing that the concept 
thesaural database tool would assist students. 
 
The limitations of the experiment were the number of students enrolled in the 
subject International Studies Foundations, the amount of time to conduct the 
experiment due to the restricted amount of time extracted from the subject tutorials 
during semester and the availability of the computer laboratories for the experiment.  
The results could have indicated a level of superficiality as the true test would be to 
measure the remembered search terms at a later date rather than at the end of the 
experiment.  The experiment was also restricted to the University of Canberra 
because the core concept thesaural database was designed for International Studies 
Foundations which is not available at any other university in the ACT.  Therefore, 
the number of possible participants was also limited to the number of students 
enrolled in the subject.   
 
When participants were being enlisted for the experiment, it was known that in 
previous years the subject had a large number of mature aged students.  However, 
during the year of the experiment the subject was predominately enrolled with 
students under twenty-four years of age and therefore, the experiment was not 
expected to enlist a dominant number of mature aged students. 
 
The manner of information seeking of participants and the way they interacted with 
the design of the online core concept thesaural database and amount of information 
available on the www was also expected to reveal whether there was an indication of 
difficulty in using the thesaural database.  When the experiment research was 








The next chapter will report findings from Phase 1 of the research.   
The findings report on participant demographics, statistical data from the pre and 




There were four methodological assumptions in this research.  Of these four 
assumptions, three related to students and one to computer technology. 
 
The four assumptions were: 
1. students have basic computer literacy; 
2. students prefer to use computers and the www/internet for research 
purposes rather than paper artifacts; 
3. students already have a basic knowledge of their subject area; 
4. students are interested in finding easier and quicker ways of 
conducting research. 
 
3.3  The Experiment Process 
 
Initially this research project was to be conducted as a single phase study with a 
large number of participants. However, because a lower number of participants than 
expected was obtained, it was decided to add a second phase of the study to augment 
the data. 
 
The core concept online search tool research utilized both quantitative and 
qualitative measurements to evaluate the effectiveness of the tool for information 
seekers.  There were two phases in the measurement process.  Phase 1 was both 
quantitative and qualitative and Phase 2 was only qualitative.  The Phase 1 
quantitative data was used to measure participant knowledge of information seeking 
skills and the Phase 2 qualitative data was used to examine participant opinion of the 





Under Phase 1, two pilot tests were conducted prior to the experiment.  The first 
pilot test was to verify the experiment instruments (pre-test and post-test 
questionnaires) and the second pilot test to verify the experiment instruments in 
conjunction with the experiment environment.  Besides being an attempt to gain 
further participants, Phase 2 was also to evaluate the web and software upgrades that 
had been completed on the core concept online search tool. 
 
 
3.4 Phase 1 of the Study 
3.4.1  Conduct of the Experiment 
 
The accepted symbolic design for experimental, time series design non-equivalent 
group is being used for this research and is displayed below. 
 
The experiment design in symbolic form is: 
 
R = Random allocation of participants 
O  = Pre-test and Post-test observations (Questionnaires)   
X = the intervention   
n = 37 
 
Summarized symbolic representation of the process: 
 
Control Group  R O     O  
Experimental Group  R O X O 
 
At the commencement of the experiment, participants were divided between two 
groups of students. The first was the control group and the second was the 
experimental group.  Both control and experimental group participants were 
randomly selected according to the order they walked into the computer laboratory.  
That is, each participant was automatically a member of the control or experimental 




The experiment commenced with the pre-test questionnaire which sought 
information on the experiment population, sample and demographics. When the 
experiment was being conducted, all participants were told that they only had to 
answer one of three research questions on the questionnaire but could answer more 




The experiment procedure was: to enlist student participants from the subject 
International Studies Foundations; conduct the pre-test questionnaire; conduct the 
experiment; conduct the post-test questionnaire; and collect and analyze the data.  
The students enlisted for the two pilot tests were different from those who 
participated in the experiment. 
 
The aim of the pre-test questionnaire was to verify the experience of the participants 
and participant current knowledge of information seeking. 
 
The experiment aim was to verify whether the thesaural database would: aid 
teaching student information seeking skills; enhance student subject concept 
knowledge (post-test); provide easier internet searching (not browsing); enable the 
student to be more productive; act as a learning experience for the student; and 
additionally, test the effectiveness of the evaluation tools, i.e. the questionnaires and 
computer program for future research. 
 
The data in the experiment were mainly quantitative and were obtained from the 
questionnaires.  This was then analyzed using SPSS.  Because the number of 
participants was not large, the researcher decided to use Microsoft Excel to assist 
with the processing of data following results produced by SPSS queries. The 
qualitative data from the pre-test and post-test questionnaires consisted of open-
ended expressions of participant views and opinions of the core concept online 





3.4.3 Phase 1 First Pilot Test 
 
The Phase 1 first pilot test took place during Semester 1, 2006 and involved a 
postgraduate international student, a postgraduate domestic student and a CIT 
student. None of these students had ever been involved in the subject International 
Studies Foundations.   
 
This was to allow for complete impartiality and lack of familiarity with the subject 
and therefore provide an ‘uninformed user’ to ensure that the testing instruments 
remained outside the domain of the proposed participants.  The test also gathered 
statistics to verify obvious errors in the database, flaws in the statistical design of the 
methodology and technical problems in the thesaural database and operating system. 
 
3.4.4 Phase 1 Second Pilot Test 
 
The Phase 1 second pilot test was devised to pre-test the research questionnaires in 
conjunction with the experiment environment.  The second pilot test was run one 
week preceding the experiment.  The aim was to verify that the pre-test and post-test 
questionnaires were able to be understood by participants and to ensure the 
experiment was able to be conducted in the allotted time frame. This also provided 
the opportunity to make any corrections or adjustments to the database and website 
if necessary. Because the full experiment was conducted using newly conceptualized 
and developed software that was housed on a server external to the University, and 
the university computer laboratories were used for a number of days for the 
experiment, it was necessary to conduct the second pilot study as soon as possible 
preceding the experiment.   
 
Participants for the 2
nd
 pilot study were sought from the course International Studies 
at the University and the subject chosen was Sociology.  Following permission from 
the subject lecturer, a leaflet outlining this research was distributed to all students 
enrolled in Sociology and the lecturer gave an overview talk to the students inviting 
them to participate in the second pilot test.  There was only one student who wished 
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to take part in the pilot test.   
 
The second pilot test was conducted in the scheduled computer laboratory a few 
days before and was designed to duplicate the upcoming experiment.  The research 
tools consisted of the questionnaires, the research questions and the online software 
program.  These were used in the computer laboratory scheduled for the experiment.  
The second pilot test was successful with no anomalies in the software, 
questionnaires or the environment.  Accordingly, all was ready for the Phase 1 
experiment.  
 
3.4.5 Experiment Procedure Overview 
 
The experiment was conducted during Semester 2, 2006. 
The computer laboratories for Phase 1 held twenty-four personal computers.  
Twenty four computers were to be used for the experiment.  Of the twenty-four 
computers, twelve were set up with Rootza and twelve were set up with Google.  
Because the computer laboratory was continually available on a ‘walk in’ basis for 
all students enrolled in the University, to ensure the laboratory’s availability for the 
experiment it was booked for thirty minutes prior and thirty minutes after each 
experiment session.  The extra time was to allow for the setting up and shutting 
down of the computer laboratory.  If technological problems such as university 
server problems, failure of laboratory equipment or the Rootza web page and/or 
server were to occur, then the strategy was to attempt to conduct the experiment 
either the following day or a week later when the problems had been rectified.   
 
Additionally, if there were students who would have liked to become participants 
and the scheduled experiment dates and times were not suitable, another time was to 







3.4.6 Phase 1 Experiment 
 
Recruitment of participants for the experiment was by an announcement by the tutor 
and researcher in the tutorials for the subject International Studies Foundations.  As 
encouragement to participate in the experiment, all participants were advised they 
would be provided with six months free access to Rootza and also be provided with 
free access to print materials accessed on the www during the experiment.   
 
Participants were advised that the experiment would take approximately thirty 
minutes. (Given that at this stage participants would have no idea what Rootza was, 
let alone potential benefits, it is noted retrospectively that students were not given 
enough incentive to take part, hence the low participation rate.) 
 
Preceding the experiment, all participants were given a Participant Information 
Sheet (Appendix 1) outlining the research and participant involvement.  The 
Participant Information Sheet advised participants that at the conclusion of the 
research project, they would be invited to attend the researcher’s final seminar and 
the results would be available in a thesis in the University of Canberra Library.  
(After the experiment was completed, all participants were invited to experiment 
online with Rootza’s database and web page.) 
 
Participants were asked to complete an Informed Consent Form (Appendix 2). Once 
consent was granted participants were asked to fold and place the form in an 
envelope that was supplied by the researcher.  The researcher ensured she was not 
able to view the completed forms.  No participant declined to complete an Informed 
Consent Form.  Participants were permitted to participate in the experiment only 
once. 
 
No participants were asked for their name, address or any details that could reveal 
their identity.  Each participant was provided with a unique number that was used on 






All records are held on a password protected computer at the University of Canberra 
and documentation is held in a locked filing cabinet in a locked office in the 
Division of Communication and Education and will be held there for a period of five 
years, in accordance with University policy. 
 
Because the research was experimental and there was a control and an experimental 
group, the control group did not have access to Rootza.  In order to provide equity 
between the two groups, all participants in the control and experimental groups were 
provided with access to Rootza once the experiment was over. 
 
There were four questionnaires (Appendices 3, 4, 5 and 6).  They were the Control 
Pre-test, Experimental Pre-test, Control Post-test and the Experimental Post-test.  
 
The control and experimental post-test questionnaires contained three research 
questions and two adjectival lists for the participant evaluation of the thesaurus and 
the web page.  The adjectival lists were designed to elicit participant opinion and 
were scaled on a Likert scale of one to seven of the adjectival pairs, for example, 
ranging from ‘irrelevant’ to ‘relevant’.  This particular design was adapted from 
Kappelman’s (1995) user involvement scales for ‘the measurement of user 
involvement or interest in a new computer system’. 
 
Participants were allocated a sequential number which was on the front of all 
questionnaires and this enabled matching of pre and post-test questionnaires. 
 
The control group questionnaires commenced with ‘C’ and the consecutive 
numbering commenced with ‘1’.  The experimental group commenced with ‘E’ and 
were also numbered consecutively commencing with ‘1’.   The questionnaire and 
computer logging is represented by C1XX, where ‘C’=Control, ‘1’ = the first 
semester the experiment was to be run, number, XX or XXX = identification 
number. The experimental group questionnaires followed the same pattern (E1XX) 
and ‘E’= Experimental. The pre-test questionnaire was identical for both groups 
however, the post-test questionnaire for the control group did not ask questions 




Participants were asked to complete pre-test and post-test questionnaires.  The pre-
test questionnaire was used to gauge participant’s current internet usage for research, 
how often participants normally used computers, their level of computer experience 
and expertise, their understanding of the steps of information seeking and their 
knowledge of search terms.  There were preliminary demographic questions such as 
age, education and current course being studied and this was followed by questions 
related to participant’s first language, level of English language fluency and country 
of origin. 
 
The post-test questionnaire consisted of questions relating to the steps of information 
seeking and search terms participants remembered using during the experiment.   
 
This was followed by elicitation of their opinion whilst using the online core concept 
thesaurus and website. Participants were asked to write down their thoughts and 
opinions on the online search tool on the post-test questionnaire.  This resulted in all 
of the experimental participants responding with their thoughts and opinions on the 
web page and twenty-two responding with their thoughts and opinions on the 
thesaural tool.  The post-test questionnaire was expected to provide balance with the 
pre-test questionnaire as the questions were designed on a ‘before and after’ 
comparative study, similar to the Kappelman (1995) process. 
 
The research was hoping to provide information on the benefits of the 
informative/teaching components in the tool, the extent to which the core concept 
data would enhance the knowledge of subject core concepts and whether participants 
were helped to distinguish an ‘academically authoritative’ source. Thus, the ‘before 
and after’ comparative method was expected to add to the knowledge of information 
seeking within an information literacy framework.  The research was also designed 
to gauge if participants found the core concept thesaural database a beneficial tool 
for information seeking.  It was also hoped the method would provide a forum for 
the expression of any additional viewpoints or thoughts of participants on the core 






During the experiment, participants had to research and source academic materials 
on the www using the core concept thesaurus software (Rootza) or, in the case of the 
control group, Google.  All information found was to be acceptable for citation in an 
academic paper and be sourced from an educational institution, organization or 
government website.  There was no time limit for each question, not all questions 
had to be answered but a minimum of one did have to be attempted.  The core 
concepts were not highlighted on the thesaurus testing instrument. 
 
Experimental group participants were advised that criteria for the steps of 
information seeking and criteria for the evaluation of online documents were to be 
shown to them as an instructional component of Rootza and that they were to use 
these criteria in their selection of the suitability of material for citation in an 
academic paper.   
 
Participants’ found articles were reproduced on a printer in the computer laboratory 
for later evaluation by the researcher. 
 
Towards the end of the experiment, the questionnaires provided an opportunity for 
participants to contribute their opinions and thoughts on the Rootza thesaurus and 
the website.  Therefore, all questionnaires were both quantitatively and qualitatively 
based. 
 
The experimental group was given an individual login and password to access 






3.5 Phase 2 Population, Sample and Demographics 
 
Participating students in the Phase 1 experiment were predominately aged between 
fifteen and nineteen (forty-five percent of the sample).  The sample in the Phase 1 
experiment was not statistically representative of the demographic age of students at 
the University of Canberra.  When conducting Phase 2 as an evaluation rather than 
an experiment, it was decided to use students in the same age demographic as Phase 
1 in an attempt to maintain some consistency for both Phase 1 and Phase 2 of the 
research.  The evaluation was conducted using the revised version of Rootza and 
also a similar age group of students, that is, sixteen to nineteen.  
 
It was hoped that the Phase 1 experiment would enlist a number of mature aged and 
non-English speaking background students from the university but this did not 
eventuate, which was clearly a limitation. 
 
Because the Phase 1 experiment was dominated by younger students from an 
English speaking background, having Phase 2 participants coming from the same 
background was welcomed as it provided a degree of similarity that enabled Phase 1 
and Phase 2 to be compared. 
 
There were eleven participants in Phase 2.  Three were female and eight were male. 
All of their backgrounds were either first year undergraduate university students or 
students at the Canberra Institute of Technology (CIT).  Their studies were 
Automotive Mechanics, Automotive Spray Painting, BA Arts/Law, BA Law, 
Engineering, Library Studies, Media Production, Organizational Management and 
Public Relations. The rationale of selecting students of the same age as Phase 1 was 
to maintain a similarity of social and age demographics.  
 
The researcher wanted to expand the research to include students who were studying 
and practicing a trade and were apprentices.  This was done to obtain their opinion 









4       Design of the core concept thesaural database and 
search tool (Rootza) 
 
This chapter details the theoretical design, system development, functionality and 
purposeful design of the core concept thesaural database and online search tool which, 
since the study, has been patented under the name Rootza.  It outlines the theory that 
precedes the building of the tool as well as the web page development.  The tool itself 
is not the focus of this research, which is basically a piece of educational research 
designed to establish whether IL education could be embedded in a www search tool. 
The chapter is not concerned primarily with system analysis and design, therefore, but 
rather with what the tool does and how and why it works – in other words, how it is 
hoped such a tool might benefit undergraduate students and others who need to develop 
information literacy understandings and skills. 
 
It is also worth stressing that the study and the tool developed for the study are not 
designed to provide empirical verification for any particular IL framework or 
theoretical IL model drawn from the huge literature on information literacy. 
Nonetheless, decisions have had to be made about the IL instruction to be embedded in 
the software. One of the aims of the project has been to outline the steps of information 
seeking for undergraduate students and the model that was used is the Big 6 (Eisenberg 
and Berkowitz 1988), which has wide currency in the US educational system and 
largely aligns with many of the other models and frameworks reviewed for the study. 
The thinking behind Rootza is also influenced significantly by Bruce’s Seven Faces of 
Information Literacy (1997), which has informed much of our current thinking on 
information literacy. Bruce’s model, however, is a theoretical one and this study is not 





4.1 What is Rootza? 
 
Rootza’s core functionality is to be a dual purpose web based tool to help 
information seekers finding authoritative information quickly, easily and accurately 
without wasting time and effort.  One purpose of Rootza is to provide academic 
subject core and alternative search terms to help information seekers think 
differently and conceptually about developing and using different search terms.  
Another purpose of Rootza is to provide instruction and information on the steps of 
information seeking and also the criteria that need to be addressed when looking for 
academic authority materials on the www. 
 
How does Rootza help students and information seekers? 
 
Because Rootza was specifically designed to help students and information seekers 
in the education sector, it was purposely designed and built within these confines.  In 
this, Rootza is designed to eliminate non-educational websites as much as possible.  
Thus by default, Rootza searches on .edu, .ac, .org, .gov, .net, however users may 
select .com if they wish.  Thus, because Rootza also provides subject core concepts 
and search terms, this limits the number of hits and web noise which in turn means 
that students and information seekers have far less web page results to wade through. 
 
Because Rootza also is embedded with and displays the steps of information seeking 
and criteria for recognizing authoritative information on the Web on various pages, 
the student and information seeker as a matter of osmosis, whether consciously or 
subconsciously absorb the information on the screen and this in turn is a learning 
experience of which the student and information seeker has no alternative but to 
view.  This is seen as a positive step to help those students who fail to attend 
information literacy classes and/or activities.  Therefore, by using Rootza, students 
and information seekers are not only provided with faster, accurate and more concise 
search results, but they are also participating in an information literacy instruction 
exercise and in effect as they perform a search on the www, they are learning or, 
learning by doing – part of the constructivist design that informs the whole study.   
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Thus, the provision of core concept searching focused on a particular domain and the 
inclusion of the embedded information literacy elements, students will see how 
Rootza will benefit them and assist their learning and research needs. 
 
4.2 Theoretical Design of Rootza 
 
 
Rootza’s contribution to the study and understanding of information literacy is an 
intervention that was heavily influenced by Bruce’s (1997) model of Seven Faces of 
Information Literacy.  In particular, it adopts five of Bruce’s seven faces or 
categories of information literacy and places them into a practical working model 
and tool. 
 
Bruce’s seven categories are: 
 
1. Information technology for information retrieval and communication; 
2. Information sources for finding information; 
3. Information process results that address an information problem; 
4. Information control that is controlling information; 
5. Knowledge construction is building new knowledge in individuals; 
6. Knowledge extension is reflective transformation of knowledge and the 
individual; and 
7. Wisdom is using information wisely to benefit others. 
 
The linking five of Bruce’s faces to five of Rootza’s elements creates a united 
theoretical and practical tool that takes information seekers on an upward path to 
information literacy.  This process and model seeks to convert theoretical constructs 
into a functioning tool that enhances Bruce’s faces whilst providing not only a 
theoretical model but a practical computer based tool to be used to further the path 













Information technology Online search tool 
Information sources No specific knowledge needed design 
Information process Information seeking instruction 
Information control Search term thesaurus 
Knowledge construction Critical reflection and analysis 
 
Table 4 shows the five Bruce faces and the conceptual alignment of Rootza, which 
seeks to address five of the faces in the Bruce model. 
 
Bruce’s category one (Information Technology) is based on information literacy and 
the provision of ‘information access and personal networking’ and awareness in 
order to ‘make information accessible’. It therefore fits the Rootza model which is 
an online research tool for accessing information on the internet and www.  Bruce 
sees this category as having two subcategories that provide a situation whereby users 
may use information technology either as an achievable or unachievable goal.  
Rootza was specifically designed with human computer interaction (HCI) 
components in order to make the tool accessible and easy to use.  This enhances the 
opportunity of success for the user and thus reflects the first face or category of 
Bruce’s seven faces. 
 
The second category (Information Sources) places sources such as Rootza in the 
digital environment.  The three subcategories of knowing the information sources 
and their structure, being able to use them independently and using the sources 
flexibly are possibly three inherent problems users have to overcome.  However, 
with the theoretical and practical nature of Rootza and in the manner it accesses the 
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internet users do not have to know the sources of the data nor the structure.  This is 
because the URLs that are connected to the sources are automatically accessed via 
the Rootza database and search engine.  Information seekers do not require previous 
knowledge to enable them to access the source as Rootza search results are produced 
and accessed to the sourced material via a link from the search results.  User ability 
is not needed to use accessible tools independently or flexibly as the information 
seeker simply opens the Rootza page, selects the required subject area, then a search 
term and presses the button ‘Go Rootza’.  Rootza produces the resulting URL ‘hits’.  
Therefore, Rootza tried to address the three subcategories and addresses the problem 
of information seekers experiencing difficulties in using information seeking tools, 
which has been a problem within information literacy.  The provision of a new tool 
and manner of instructing information seekers in the steps of information seeking 
and the online criteria used to determine academically acceptable material, should 
enhance the second face or category of Bruce’s seven faces of information literacy, 
thereby making another contribution to information literacy.  The learning process 
for the information seeker is an absorption or osmosis process. As information 
seekers are exposed to the combination of the steps of information seeking and the 
evaluative criteria, they should become familiar with these steps and criteria. Thus, 
Rootza becomes a teaching tool. 
 
The third category (Information Process) is the recognition by information seekers 
that they need information.  Within Rootza’s design, providing the steps of 
information seeking – defining the task (establishing the search term); information 
seeking strategies (determine where and what tools to start searching); location and 
access (is the location able to be accessed physically or digitally) – helps the 
information seeker learn appropriate and logical strategies.  Additionally when use 
of information (determining if the information being sought will address the user 
needs); synthesis (how it is going to be used in an assignment etcetera); and 
evaluation (has the process produced the required results?) is added, this not only 
instructs information seekers but also enhances recognition of the need for 







By providing the third category of the steps to information seekers as a main 
component of the Rootza website, information seekers are placed in a position where 
they have to consider if they recognize their needs for information gathering and 
whether this increases their knowledge of the use of this information once it is 
sourced.  Accordingly, by putting into place a process for this to occur using Bruce’s 
five faces/categories, it is hoped that this will add value to the field of information 
literacy.   
 
The fourth category (Information Control) places a degree of objectivity at the 
information seeker’s disposal.  Rootza reveals additional information and another 
dimension in the form of suggesting second and third search terms in thesaural form. 
This enables information seekers to become familiar with other possible search 
terms and provides them with an opportunity to search the www with those 
alternative terms.  Thus allows the users to form a degree of objectivity with their 
searching. 
 
The fifth category (Knowledge Construction) is information seeker development as 
they build on current knowledge and they become critically reflective.  Therefore, 
Knowledge Construction is a generalization that students are actively involved in 
learning and creating their own meanings.  Additionally, the fifth category, by 
building a knowledge base, provides the feature of information seekers being able to 
analyze and evaluate the worth of the search results.  In providing two instructional 
elements (the steps of information seeking and criteria for evaluation), Rootza adds 
another dimension to faces of information literacy and provides a concrete tool to 
enable five of the seven faces or categories to be set into place.  It also makes 
available to information seekers and students of information literacy another 
component that not only enhances their digital literacy skills but also their 
knowledge of current developments in the field of information literacy. 
 
The theoretical dimensions of five of Bruce’s seven faces (categories) of information 
literacy blended with Rootza’s contribution to the study and understanding of 
information literacy is an intervention that is designed to enhance information 
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literacy.  The adoption and joining of the five categories of Bruce and Rootza can be 

























Search Term Thesaural Database 
(Control Search, Future Retrieval) 
Knowledge Construction 
(Personal Knowledge Base) 
Critical Reflection and Analysis 
(Personal Knowledge Base) 
 
 
Table 5 provides a conceptual alignment showing the relationship between the Bruce 
theoretical model and the Rootza practical model.  Bruce’s theoretical face of 
Information technology is aligned with the Rootza Online Search Tool and this 
alignment shows that both are based on Information Awareness although one is 
theoretical and the other is practical, both are in concordance.  Bruce contends that 
when information seekers use Information Sources they often do so without prior 
training. Rootza has an intuitive and flexible design of which no specific knowledge 
is required and this also leads to Successful Retrieval.  The Bruce (1997) face of 
Information Process is an information seeker performing an Action and finding a 
Solution.  Correspondingly, the Rootza tool has Information Seeking Instruction in 
the form of the steps of information seeking and the criteria used to determine 
authoritativeness of sourced information, and this provides a Solution on which an 
Action may be performed.  The Bruce face of Information Control allows for an 
information seeker to retrieve previous information found at a later date (Future 
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Retrieval) and the Rootza Search Term Thesaural Database allows an information 
seeker to control their search (Control Search) to enable them to retrieve the 
information at a later date (Future Retrieval).  Bruce’s Knowledge Construction 
which allows an information seeker to improve their Personal Knowledge Base is 
aligned with the Rootza’s Critical Reflection and Analysis. As information seekers 
use Rootza, onscreen information is displayed and this allows them to improve their 
Personal Knowledge Base because they are learning information literacy skills while 
performing an online search.  The joining of the five categories of Bruce and Rootza 
is shown how it progresses along the Information Seeking Route to Information 






































ROOTZA WORKING MODEL 
BRUCE THEORETICAL MODEL 
Information 
Awareness 
Online Search Tool Critical Reflection and Analysis No Specific Knowledge Design Information Seeking Instruction Search Term Thesaurus 
INFORMATION 
LITERACY 
Information Technology Information Sources Information Process Information Control Knowledge Construction 
Solution and Action 




























































4.3 Rootza™ System Overview 
 
 
The concept and design of the system thesaural database and website interface for 
Rootza has been the sole product of research and development by the researcher as 
has all data input.  The researcher privately contracted a computer programmer to 
enable the online thesaural database to be taken from the concept mode to a working 
model. This enabled the building of dataset relationships, the writing of computer 
code scripts for the database and the construction of the web page and search engine.  
This was completed using open source computer programs.   The researcher liaised 
with the programmer with the aim of developing the database and the website to 
access the internet.  The program, website and search engine was subsumed on 
server space leased by the researcher. 
 
The name ‘Rootza’ was developed from two conceptual sources.  The first source 
refers to the software extending its roots deeply into the www to reach the source of 
the information by omitting commercial websites on the www and thereby only 
targeting academic, organizational or scientific specific websites.  The second source 
of the name ‘Rootza’ comes from the common parlance phrase ‘rooting around’.  
For example, ‘rooting around’ is a phrase used to express the practice of rummaging 
and searching for an item in a difficult or inaccessible area in a particular repository 
such as a wardrobe.  Therefore, Rootza has been named to reflect these two 
concepts. 
 
Rootza specifications were initially conceptual and user orientated because at the 
gestation period it was unclear clear whether Rootza could be built according to the 
specifications and although there was a preparedness to alter the design, this was not 
necessary.  The design specifications were broken into three components.  The first was 
the database; the second was an online presence with search capability and the third 











Figure 2: WWW searching without using Rootza 
 
 
Figure 3 Normal www searching depicts the way information seekers access pages 
on the www.  It shows the direct path from the information seeker (Staff and 
Students) as they use a browser or search engine to access the www.  Without 
intervention of using an advanced search and placing limits on the domain/s to be 












Figure 3: WWW searching using Rootza 
 
Figure 4 Core Concept Searching shows the Rootza information seeking path and 
the relationship between information seekers and the www.  The difference between 
Figure 3 the www information seeker path without using Rootza and Figure 4 the 
Rootza path, is that the online core concept thesaural database tool (Rootza) is an 
intervention between information seekers and various domains on the www.  The 
intervention graphically displayed above shows how Rootza accesses the www 
whilst only accessing non-commercial websites, thus accessing only what may 
constitute authoritative websites in the domains of .edu, .org and .gov. (One 
limitation to come to light since the experiment was run has been the omission of the 
.ac domain, used in countries such as New Zealand and Britain.) 
 
The URL for Rootza at the time of the experiment was 
www.redferninnovation.com/rootza and is now www.rootza.com.   The participants 
had access to Rootza through the University of Canberra web server and the Rootza 
system and database were housed on an external server.  The database at the time of 
the experiment was accessed via a web page interface and a proprietary search 














4.4 Rootza Preliminary Development 
The nature of the research saw the researcher not only investigating and learning how 
to develop and build the tool, however there was also a substantial amount of time in 
evaluating a large number of international and Australian patents.  The in-depth 
evaluation of patents was to ensure two things: the first was that the proposed tool did 
not currently exist; and the second was to ensure the development of the tool did not 
infringe on any patent or other intellectual property.  This process took approximately 
six to eight months and following this, more than a year was spent in the development 
of the tool itself.   
 
The development of the tool commenced with the following fourteen investigations: 
 
1. Library of Congress Subject Headings and similar subject heading 
lists/thesauri; 
2. Library of Congress processes and protocols for search term classification 
lists; 
3. The form of search terms for academic subjects; 
4. Electronic database developers classification of information; 
5. How search engines work; 
6. How the www/internet/intranet works; 
7. How computer software is developed; 
8. How electronic database developers construct databases; 
9. How could all core concepts be linked together rather than as simple search 
terms; 
10. What are the different computer codes and how they work; 
11. Intellectual property law both domestically and internationally; 
12. Requirements for patent registration; 
13. Process of registering a patent both domestically and internationally; 
14. Methods and procedures for dealing with IP lawyers; 
 
The above list of investigations was divided into three groups: classification of 




The rationale was the need to establish how search terms are decided upon and their 
classification structure for paper and electronic databases.  This was followed by an 
investigation of internet software designed for internet searching.   Then it became 
necessary to protect the researcher’s intellectual property and an investigation was 
conducted on intellectual property and patent rights. 
 
4.4.1 Examination of Search Term Classifications 
 
The investigation into the Library of Congress Subject Heading (LCSH) protocols 
and procedures commenced with accessing their online policy documents in order to 
understand the procedural guidelines for LCSH acceptance.  The researcher also 
undertook a study of the Oxford Dictionary editorial procedures as well as the 
television program ‘History of English’.  This provided the researcher with a deeper 
understanding of the rules, policies and procedures necessary for the inclusion of 
words and phrases in search term databases and dictionaries.  When these 
investigations were completed, the researcher accessed various digital academic 
database developer company web pages to examine their policies and procedures 
related to the inclusion of search terms in their databases.   
 
Generally, it was found that the Library of Congress commence the process of 
classification of search terms when various academics, librarians, school teachers 
and the general public propose and provide a rationale for a search term to be 
included in LCSH.  The Oxford Dictionary editors commence the process of word 
inclusion in the same manner.  That is, academics, librarians, school teachers, their 
own staff and the general public suggest words.  However, the Oxford Dictionary 
editors also take into consideration whether the word has been in ‘common use’, 
whether it is well known or if it is simply a variation of a common word that is also 
currently in existence.  Electronic database developers tend to use a slightly different 
process - generally many use the LC subject terms, others use their own company 
developed thesauri and there are some who appear to have no vocabulary control at 






The research collection at the University of Canberra holds paper copies of specific 
discipline search terms.  When the researcher used these for her own research, these 
paper copies were found to be not term comprehensive and were dated.  However, 
the researcher discovered a modern thesaurus of online search terms and this 
provided insight and validation for the need for an online tool which held core 
concept search terms. When the researcher understood how the LCSH, the Oxford 
Dictionary, the thesaurus of online search terms, and how electronic database 
developers organized their terms, the researcher commenced an examination of how 
search engines work.  
 
4.4.2 Examination of Search Engines 
 
Because this researcher had invented a new concept for searching on the internet, it 
was necessary to determine how search engines work and whether the invention 
could be programmed to work on or with a search engine.  In order to achieve this it 
was not only necessary to understand the technical construction of search engines 
and how they work in tandem with the internet but also, the process of software and 
database development.  This was followed by the researcher gaining an 
understanding of how academic subject core concepts could be built into a database 
to enable all terms to be linked together for an internet search.  Under current 
internet search techniques, search terms in a database are in indexes and these are the 
terms used to search on the internet.  
 
The researcher not only had to establish how databases are constructed and how the 
internet works but also she had to develop a new way for databases and search tools 
to perform this newly invented method of searching.  These inherent difficulties 
were overcome in various ways.  The researcher used a number of text books 
especially those by Tim Berners-Lee (who has been credited with inventing the 
internet) as well as reading many online web pages and blogs, and daily reading of 
the internet technology news pages such as CNet, Apple and other technology pages 
and technology news websites.  Additionally, many computer magazines were read.  
The researcher knew she would need a computer programmer who would 
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consistently confer with the researcher regarding the programming design to ensure 
that it fitted with the researcher’s concept and needs. 
 
The major difficulty the researcher encountered and was unable to find a solution for 
in the early stages was to determine how to achieve the linking of all the core 
concepts to each other rather than in simple subject lists similar to LCSH and other 
search term databases.  This difficulty was overcome by the researcher conceiving a 
different way of linking search terms using Microsoft Excel. 
 
4.4.3 Examination of Intellectual Property Law  
 
 
When the researcher conceived the idea for the core concept thesaural database and 
search tool, she had little idea that it was a newly invented process that warranted 
intellectual property protection in the form of a patent.  After committing to spend 
much time examining domestic and international patents, the researcher conducted 
preliminary research on Australian, American, European, Canadian and World 
Intellectual Property Organization (WIPO) databases. The researcher realized that 
the tool did not exist and therefore was entitled to be patented.  Following this 
revelation, the researcher also examined the requirements, process, methods and 
procedures needed when dealing with domestic and international lawyers.  Lastly, 
the researcher wrote the patent application that was initially submitted to Intellectual 
Property Australia (IP) and is also currently undergoing the patent process in 
America, Canada, New Zealand and the United Kingdom.   
 
While the above investigations were continuing, it was necessary to build the tool 
from the basics and put into place intellectual property protection.   
 
The linear research process was used for the experiment and thesis and the 
preliminaries of the investigations into search term classifications, database and 
internet workings and intellectual property followed.  Below, Figure 1 ‘Linear 
Research Process’ is followed by Figure 2 ‘Flow process leading to the building of 
the tool’ which is the linear research process that has been adapted to suit the initial 
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4.4.4  Rootza Development Flow Process  
 






















Determine Intellectual Property (IP) 
Issues 
Technology Computer and Software 
Requirements 
Determine Information Required 
 
Australian and International IP Issues Technology: Software Design  Library Classifications etcetera  
 
 
Review University and Intellectual 
Property Australia Documents 
 
Literature Online Materials, Personal 
Connections 
Literature Online Materials  
 
Diagram for Online tool 
 
Assimilate Information Assimilate All IP and Patent Information 
Analyse Technical Data Develop IP Patenting Pathway and 
Procedures 
Search Terms Collated 
 
Determine Patent Document Needs Design Database and Web page  
Design Core Concept Term Relationships 
 
Write Draft Patent Document Organise Database Needs 
Collecting Data for Input 
 
Re-write and Submit Patent Document Analyse Database Needs and Establish 
Tool Design Analyse Data and Establish Tool Design 
 
IP Patent and Trade Mark 
Registration 




Figure 4: Flow process leading to the building of the tool. 
 
 
Figure 5 displays the linear flow process leading to the building of the tool.  
The lineal process was undertaken in parallel for the three examinations of: Search 
Term Classification, Database and Internet Technology, and Intellectual Property.  
 
The diagram represents the very complex and lengthy investigations, as well as the 
research and development that had to be completed before the experiment could be 
undertaken.  The thorough analysis of search term classifications and how they would 
impact on the design of the newly devised search tool commenced and followed a 
continual flow until the tool was completed and ready for the experiment and all the 
intellectual property issues were addressed.  
 
There are only three steps that graduate from the Database and Internet Technology to 
Intellectual Property and they are: Technology and Software Design, Design Database 
and Web Page, Analyze Database Needs and Establish Tool Design. 
 
When all the steps of the Search Term Classification were completed, the writing of the 
documentation to build the tool was followed by the computer and database 
programming.  Following programming and building of the tool, all the intellectual 





4.5 Rootza System Specification 
Because the aim was to provide ease of use and to be inviting, informative, instructional 
and fast whilst providing clear and concise results of a search, the functionality of 
Rootza was a big issue.  The specifications were written and developed to ensure the 
aim of functionality was met. Rootza functionality needed to allow the testing of the 
research questions that this study addresses. 
The specifications for building the Rootza system as a core concept thesaural database 
and online information literacy teaching aid for information seekers was specified to 
contain: 
 
• a subject specific directory linked to a search engine; 
• core concept search terms for the information seeker; 
• access to the www to find academic resources related to that search 
 term; 
• the steps of information seeking using ‘bubbles’ ‘boxes’ and ‘banners’; 
• basic elements that define academically acceptable literature; and  
• a user constructed folder for web bibliographic records and search terms. 
 
It was necessary to develop Rootza in three sections compromising the database, the 
online presence with search capability and the embedded information literacy 
instruction. 
 
The database specifications supplied to the programmer were to be designed to allow 
for: 
 
 Academic subjects/units to be located on the main page and were to be 
selectable by the user 
 Main search terms for subject to be linked to 3/5 corresponding units. 
 Users being able to scroll though the list of subjects and search terms 






The online presence and search capability specifications were:  
 a search using an online facility built into the Rootza web interface 
 a search being limited or expanded to the domains of .edu, .org, .net and, .gov. 
 users being able to save the results in a folder 
 users being able to print the results 



































Figure 5: The Rootza path. 
 
Figure 6 shows the path that an information seeker takes when undertaking an online 
search using Rootza.  The user first opens there general browser such as Microsoft 
The information seeker accesses the prime search engine, 
(Netscape, Explorer, Mozilla, Opera et cetera) 
 
The Rootza database (First Screen) at www.Rootza.com is 
accessed 
 
A search term is selected and clicks ‘enter’ or ‘go Rootza’ 
(Third Screen) 
 
A subject is selected from a list (Second Screen) 
 
Rootza searches the www and produces results in the web 
interface (Fourth Screen) 
 
The information seeker selects the link to the materials of interest 
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Explorer, opens the database, selects their subject area and then selects the search term 
to be used.  The information seeker hits the ‘go Rootza’ button and the software 
searches on the Web for information using that search term.  When information seekers 
have found an article they would like to read, they select it for viewing. 
 
The information literacy instruction is able to: 
 Be overlaid on any of the web pages 
 Show the steps of  information seeking 
 Show the authoritativeness of sourced materials. 
 
The Six Steps of Information Seeking 
 
1.  Task Definition 
2. Information Seeking Strategies 
3. Location and Access 




The bubbles will be: 
 
Task Definition 
 What are you looking for, what are your search terms? 
 
Information Seeking Strategies 
 Where might you find the information? 
 
Location and Access   
Are you able to access the information? 
 
Use of Information   







 Sort your information and put it together 
 
Evaluation  
Did the information help your assignment or research? 
 
The Six Criteria for Academic Materials Online 
 
1. Evidence of being refereed 
2. Web page regularly updated 
3. University/Organization/Government department 
4. Authors credentials 
5. Reference bibliographic list 
6. Contact details of the author or organization responsible for 
the content 
 
  The bubbles will be: 
 
 Evidence of being refereed 
  Is the article in an academic journal? 
 
 Web page regularly updated 
  When was the web page last updated? 
 
 University/Organization/Government department 
  Is the website a well known institution or organization? 
 
Author’s credentials 
 Does the author have academic qualifications like Masters 







Reference bibliographic list 
 Are there references or bibliographic citations at the end 
 of the article? 
 
Contact details of the author or organization responsible for the 
 content 
 Is there an address, email or phone numbers to contact 




 Users able to print sourced information or save to an external device 
 such as a USB key 
 all web pages to allow for easy reading by the vision impaired 
 all web page designs are to plain and uncluttered 
 all web pages to be designed with a maximum of three colours. 
 
 
4.5.1 Thesaurus Design 
 
The core concept thesaural database structure was designed to operate using controlled 
vocabulary.  Because controlled vocabularies have limited and defined search terms, 
search terms in controlled vocabularies may be open to different meaning and 
interpretations.  Chu (2003) stated that a controlled vocabulary thesaurus must be 
constructed and maintained within specific subject areas. 
 
The thesaural database is designed to search one term and because of hidden mappings, 
this term relates to others.  During the experiment participants were asked to select the 
search term they wrote on the pre-test questionnaire.  However, the core concept 
thesaural database also displayed alternative search terms the user could select.  At the 
time the experiment was conducted, the database program did not search multiple terms 
during the one search, whereas in the future Rootza would be programmed for this 
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function in order to support more intelligent searching.  An example of intelligent 
searching is a search that may be undertaken for instance, for the core concept term 
‘policy process’.  The database searches for ‘policy process’ as well as ‘local policy 
process‘, ‘municipal policy process‘, ‘national policy process‘, ‘federal policy process’ 
etcetera as well as associated suffixes, prefixes and terms that are associated with the 
original core concept term.  It is for this type of search that the online core concept 
thesaural database was developed as a tool to assist information seekers. 
 
4.5.2  Development of the Rootza Database 
 
The first stage in the development of the thesaural database was to compile a thesaurus 
for the subject International Studies Foundations by identifying all core and lesser 
concept terms, synonyms, contemporary terms or phrases related to the subject that 
could be used to seek information on the World Wide Web.  The reason for the choice 
of this subject is detailed in the following chapter. 
 
The compilation of the data was first entered into Microsoft Excel and when complete it 
was transferred into MySQL database.  The compilation of search terms was made from 
the subject outline, courseware, notes and the reading list from e-reserve documents 
lodged in digital format on the University of Canberra Library website as well as hard 
copies obtained from the subject convener for International Studies Foundations.  All 
core concept terms, synonyms, contemporary terms or phrases related to the subject 
were entered directly into the web based thesaural database.  The ontological structure 
of the database has four classes of entry.  In descending order they are:  Primary Term 
(Term - T); Secondary Term (Near Term – NT); Primary Related Term (Broader 
[related] Term – BT); and Secondary Related Term (Related [related-lower level] Term 
– RT).  This is similar to the Library of Congress Subject Heading classification 
structure as well as the commonly accepted procedure of thesaurus structure. 
 
When core concepts were determined, although they were not necessarily single words 
and may have consisted of phrases, they were entered in the Primary Term (T), the 
Secondary Term (NT), Primary Related Term (BT) and Secondary Related Term (RT) 
lists.  To provide as comprehensive a thesaurus as possible, all core concepts entered on 
the database were used to source additional terms from the Directory of Contemporary 
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and Natural Language Search Terms for the Internet (2000), the Macquarie Concise 
Thesaurus (2004) and the Oxford Thesaurus (2002).  The rationale for omitting the 
Library of Congress Subject Headings is because they do not specifically contain 
contemporary natural language terms that are often used on the internet, whereas the 
Directory of Contemporary and Natural Search Terms for the Internet provides 
contemporary natural language. 
 
The use of the Macquarie Thesaurus and the Oxford Thesaurus was to gain terms, 
synonyms and subsidiary terms that are used in Australia, the USA and the UK. 
Because the Oxford Thesaurus contains both British-English and American-English, 
this was used for English and American terms. The rationale was that language and 
idioms in Australia today are often a mixture of English dialects of Australia, America 
and England and this is important when information seeking on the www as web pages 
have a mixture of differing terminologies.  Another reason is because proper nouns and 
synonyms change over time.  For example, the country Ceylon is now named Sri Lanka, 
the European Union is a recent development and the terms such as El Nino and Tsunami 
were not in common usage.  Therefore, the core concept semantic thesaural database 
was best programmed not only with core concepts and synonyms and their semantic 
affiliations, but also with idioms and language that are in common use and are part of 










































I Have a 
Dream 
Martin Luther King Black Equality Black Panther 
Movement 
American Freedom 








British Government UK Government British Liberalism 
Tory Party 




(Redfern 2006)  
Table 6 displays an example of the web page, core concepts and search terms that an 






The relationship of the database was linear in respect of the distance from the Primary 
Term to the Second Semantic Term.  The secondary term holds the closest conceptual 
relationship to the primary term, the first semantic term is the closest to the secondary 
term and the second semantic term is closest to the first semantic term.  Therefore, the 
most distant are the primary term and the second semantic term. 
 
The primary term, secondary term, first semantic term and second semantic terms were 
all obtained from different sources.  The primary terms were obtained from subject 
courseware and reading lists, the secondary terms were obtained from The 
contemporary thesaurus of search terms and synonyms; a guide for natural language 
computer searching. Knapp [2000], the first and second semantic terms were obtained 
from both the Concise Oxford Thesaurus (2002) and the Macquarie Concise Thesaurus 
(2004) and the collection of all search terms was placed in a database. 
 
This research project and experiment consisted of the building of the Rootza database 
using elements of computer technology of which the researcher had little knowledge, 
experience or qualifications. Therefore, to program the database and web pages in 
computer languages, assistance was sought from a computer programmer.  Although the 
online core concept thesaural database was conceived, developed and designed and the 
technical specifications were written by the researcher, the computer programmer 
undertook the technological development and design of the architectural backbone.   
 
The Rootza infrastructure was built entirely using PHP 5 and MySQL 5, which are both 
commercial level open source products.  The decision to use open source products was 
to minimize the development and maintenance costs. 
 




 Tier:  MySQL database for holding search terms and synonym sets 
2
nd
 Tier:  PHP scripts to access and manipulate the data within the database 
3
rd
 Tier:  Web pages designed in HTML, PHP and JavaScript to provide a 





Each of these components is explained in further detail below, including the details of 
their interactions with each other. 
 




 Tier of the system architecture is the level where raw data is stored. The search 
terms and synonym sets used by Rootza are broken down into their simplest sub-
components and stored within the database in such a way as to minimize repetition of 
data and the possibility for errors during data entry.  When an information seeker 
searches for a particular term using Rootza, they are presented with a set of related 
search terms and they are given the option to search using any of those terms, depending 
on whether they require a broad or narrow search. 
 
In order to efficiently store the data needed to power such a system, the synonym sets 
were first broken down into individual search terms and each term was given a unique, 
automatically generated identification number.  The identification number was then 
used to link the search terms into sets of words with the same or similar meanings.  The 
word sets in turn were linked to create the synonym sets that would be seen and used by 













Figure 7 is displaying the diagrammatic structure of the database and also displays the 
construction path of the database.  The search terms were established as terms or phrases 
and each of these were provided with an identification code. The search terms were linked 
into word sets and then search sets.  The search sets hold the search set identification codes 
as well as the word set identification codes.  The word set identification codes were linked 
to the primary and secondary terms and also to the primary and secondary semantic terms. 
 
By designing the structure of the database as simply as possible by having the Search 











WordSetID - Primary Term 
WordSetID - Secondary Term 
WordSetID - Primary Semantic 
WordSetID – Secondary Semantic 
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and terms identification and the Search sets holding the SearchSet, WordSet-Primary 
Term, Secondary Term, Primary Semantic and Secondary Semantic identification, it 
allowed convenient entry and forming the relationships between those search terms 
whilst also writing easy scripts that allowed the term relationships in the database to be 
searched. 
 
4.5.4 2nd Tier – PHP Scripts 
 
Scripts are strings of computer programming code that provide operating instructions to 
the program. 
 
The scripts to access and manipulate the database was created using PHP 5, an 
enterprise level open source programming language that is growing in popularity within 
both the business and internet communities. Unlike its predecessors, PHP 5 extensively 
supports the Object Oriented Programming (OOP) paradigm, whereby programs are 
written to represent real word objects, as opposed to merely being collections of 
functions and variables. The Rootza system utilizes OOP to represent search terms, 
word sets and search sets. This approach offers the following advantages: 
 
1. Since the code for each object is written and stored separately, it is easy to 
add or modify new information and functions without affecting the existing 
operation of the system. 
 
2. The objects can in turn be linked to one another, making it possible to reuse 
blocks of code within the system – future corrections or modifications would 
only need to be made in one part of the code, and all related parts would be 
automatically corrected/modified as well. 
 
3. The portion of the code that interacts with the database has been created as 
an entirely independent module (database interface), which in turn is 
‘plugged in’ to the rest of the code. This means that in the future, if the 
MySQL database needs to be upgraded, any technical changes will only need 
163 
 
to be made within the Database Interface, and the rest of the system will 
remain entirely unaffected. 
 
As may be seen from the aforementioned benefits, the Rootza system has been designed 
and created to be as fully extensible as possible, while still offering the optimum speed 
and reliability. 
 
4.5.5 3rd Tier – The User Interface 
 
The front end of the Rootza system, that is, the user interface, consists of a collection of 
web pages that accept the users’ input through HTML forms and pass this input data to 
the PHP scripts, which in turn interact with the database and return the search results. 
These search results are then processed by the PHP scripts and displayed in HTML 
format by the user interface. 
 
The pages were created in HTML 4.0 and the formatting is applied via external 
formatting files, known as cascading style sheets. This method allows the separation of 
content from design within the web pages. This means that designs can be modified or 
even completely switched by simply applying different style sheets. This technique is 
used to present the same basic system through different user interfaces that are 
specifically tailored to match the needs and preferences of various user groups. 
 
Rootza has an instructional/teaching component of ‘speech bubbles’ that appear over 
the text for the Six Steps of Information Seeking used.  The bubbles provide additional 
information. For example, the first step is ‘Task Definition’ and when the mouse pointer 
is placed over this text the phrases ‘What are you looking for?, ‘What are your search 
terms?’ etcetera appears. An example for the Six Criteria for Academic Materials 
Online used in this study is ‘Evidence of being refereed’, and the bubble asks ‘Is the 
article in an academic journal?’ This occurs on all of the web pages where the ‘Six 








Information literacy and information seeking is an important component of student 
learning and higher education.  The major beneficiaries of conducting experimental 
research on a newly developed research tool should be the academic community and the 
education sector. The experiment was conducted in order to determine if students in the 
education community would benefit from using Rootza and as such, it was appropriate 
that students as participants were invited to take part in the experiment. 
 
The experimental testing of the core concept thesaural database was conducted and 
administered by the researcher.  Both the experimental and control groups were in the 
same computer environment using the same equipment and survey instruments. 
 
The experimental group had to search for articles on the www by using the key concept 
terms or subsidiary terms of International Studies Foundations in the Rootza database.  
The control group used Google.  The research questions were sourced from a teaching 
component of the subject outline following consultation with the subject convener. 
 
In order to avoid bias, students who had been involved in a similar study before were 
excluded from the experiment.  During the enlisting of participants at the end of the 
tutorials, one potential participant advised they had been involved in a computer 
experiment before but was unsure if it was similar to the online core concept thesaural 
experiment, as that participant had not seen nor heard of Rootza.  However, to avoid 
bias, both the researcher and proposed participant agreed that it was best for the 
participant to be excluded from the experiment. 
 
The experiment commenced immediately the participants entered the computer 
laboratory.  They were invited to sit at whatever computer they preferred and told not to 
touch any of part of the computer or keyboard.  In readiness, all computers had 
previously been logged in using the researcher’s university login.  Half of the computers 
were open at the Rootza website and half were open at Google and all screens were 





Participants were divided into two groups. The first were the control group and the 
second were the experimental group.  Both control and experimental group participants 
were randomly selected according to the order they walked into the computer 
laboratory.  That is, each participant was automatically a member of the control or 
experimental group depending on where and at what computer they chose to be seated.  
There were thirteen in the control group and twenty-four in the experimental group. 
 
After the experiment, participants printed out the www sourced materials they felt were 
addressing the research question.  These were evaluated for the appropriateness for 
citation in assignments.  The six criteria on which the article sources were evaluated 
were: evidence of being refereed; web page regularly updated; 
university/organization/government department being a ‘recognized’ publicly known 
entity; author’s credentials; reference or bibliographic list; and contact details of the 
author or organization responsible for the content.  These six criteria are taught in the 
University of Canberra Academic Skills program and are also communicated to the 
students as a part of the academic curriculum at the University. They are also widely 








To answer the question whether an online core concept subject specific contemporary 
thesaural database would assist student researchers with finding relevant materials on 
the internet, it was necessary to commence the data analysis by documenting participant 
demographics.  Some of the demographics were educational and social background, 
level of computer usage, English language knowledge and the number of subjects 
already completed at university.  This was followed by participant knowledge of the Six 
Steps of Information Seeking (the ‘Big 6’) and an evaluation of success in identification 
of research question search terms and then the criteria for evaluation of online academic 
materials. 
 
The first section in the Experiment Results is quantitative and provides participant 
demographic information and statistical results from the experiment. It commences with 
the pre-test questionnaire for all participants, then the experimental group followed by 
the control group. The last section is qualitative and provides experimental group 




In Australia’s education system it is very unusual for a university student to be aged less 
than seventeen years of age yet the age group for this experiment was fifteen to forty-
nine years of age. The wide spread of age was  because International Studies 
Foundations (and similar subjects at the University of Canberra) has on many occasions 
been a subject in which many mature aged students enrolled. 
 
Lifelong learning and the lifelong learning paradigm has become a standard and 
accepted practice in education in Australia.  It is not unusual for universities to have a 
large proportion of mature aged students in their classes and academic curricula and 
course design encourages self-driven learners to build knowledge upon knowledge and 
experience continual growth.  The experiment age demographics show that two 
participants (5.4%) were aged forty-five to forty-nine and an additional two (5.4%) aged 
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forty to forty-four.  That the next closest age group was one participant (2.7%) each for 
the age groups of thirty to thirty-four and twenty-five to twenty-nine, this indicates that 
it is not unusual for the older, or mature aged students to be commencing study at 
university, hence on the path of lifelong learning.  This research and the sample 
demographics are not typical of the University of Canberra demographics for 
undergraduate students and they were also not typical of the Australian Bureau of 
Statistics (ABS) for students in Australian Universities.  ABS (2007) states that of 
students enrolled in a Bachelor degree, 45% were aged between twenty and twenty-four 
years and 27% were aged between fifteen and nineteen years.  The age group fifteen to 
twenty-four statistics for undergraduate students at the University of Canberra was 70%, 
the ABS was 72% and the sample for this experiment was 81%. 
 
All participant demographic results were obtained from the pre-test questionnaire 
completed by participants at the commencement of the experiment.  The pre-test 
questions were divided into three sections Preliminary Information, Participant 
Expertise and Language and Computer Technology. 
 
There were thirty-seven participants in the experiment and they were diverse in age, 
gender, ethnicity, education, language, use of computer technology and subjects 





Participant Age Groups 
 
In the figure below each age group is followed by the number of participants situated in 







Figure 7: Participant age groups. 
 
Figure 8 participant age consists of six age groups plus one in which a participant failed 
to indicate their age range.  The statistics are: 15 to 19, seventeen participants (45.9%), 
20 to 24, thirteen participants (35.1%), 25 to 29, one (2.7%), 30 to 34, one (2.7%), 40 to 
44, two (5.4%), 45 to 49, two (5.4%).  One participant (2.7%) failed to indicate their age 
range. 
 
That seventeen participants (45.9%) were in the 15-19 age group and a further thirteen 
(35.1%) were in the 20-24 group indicates that the majority of the participants, thirty 
(81%) were between 15 and 24 years of age.  The least represented age groups were 25-
29 (2.7%) and 30-34 (2.7%). 

















Participant Gender  
 
Of the thirty-seven participants in the experiment, there were twenty-five females (67.5%) 
and twelve males (32.4%).  It is interesting to note the unbalanced representation between 
females and males because there was a more even representation of genders enrolled in the 
subject International Studies Foundations.  Of the twenty-four participants in the 
experimental group, seventeen were female and seven were male. In the control group 
there were eight females and five males.  International Studies Foundations in the past 
appeared to be predominately female although there were no statistics available to support 
this, therefore, it is not unusual to have the gender balance for this experiment 
predominately female. 
 
Participant Country of Birth 
 
Of all participants, there were seven individual countries of birth represented. Table 3 
shows participant country of birth.  Each country is followed by the percentage of the 
total participants for that country of birth. 
 
Table 7: Countries of birth of all participants 
 
Country Frequency % 
Australia 31 83.8 
Hong Kong 1 2.7 
Lebanon 1 2.7 
Macedonia 1 2.7 
Poland 1 2.7 
Sudan 1 2.7 
United States of America 1 2.7 





Table 7 participant country of primary education shows that nine countries were 
represented.  The table significantly shows that the majority of the participants were 
born in Australia.  Unfortunately, this is a factor that prevented the experiment from 
being predominately international student based.  That the majority of participants, 
(83.8%), were born in Australia indicates that English is the dominant first language of 
the participants.  Five participants (13.5%) were born in a ‘non-English as a first 
language’ country and one participant 2.7% was born in the United States of America, a 
country perceived as an English as a first language country.  The one participant born in 
the United States of America was added to the Australian born participants. Therefore, 
32 participants (86.5%) were fluent in the English language and five participants 
(13.5%) were not fluent. 
 
Participant Country of Primary Education 
 
Table 8: Country of primary education 
 
 
Country Frequency % 
Australia 29 78.4 
Australia/England 1 2.7 
Australia/Japan 1 2.7 
Australia/Singapore 1 2.7 
Australia/Spain 1 2.7 
Indonesia/Australia 1 2.7 
Lebanon 1 2.7 
Sudan 1 2.7 
Tonga/Australia 1 2.7 





Table 8 participant country of primary education shows that the highest frequency for 
primary education was Australia.  Besides twenty-nine participants (78.4%) had their 
primary education in Australia, five participants had their primary education distributed 
between Australia and another country: Australia/England, Australia/Japan, 
Australia/Singapore, Australia/Spain, Indonesia/Australia and Tonga/Australia.  Two 
participants who were born elsewhere had all their primary education in their birth 





Participant Country of Secondary Education 
 
Table 9: Country of secondary education 
 
 
Country Frequency % 
Australia 31 83.8 
Australia/Denmark 1 2.7 
Australia/Spain 1 2.7 
Australia/Sweden 1 2.7 
Australia/Thailand 1 2.7 
Lebanon 1 2.7 
Sudan 1 2.7 
Total 37 100 
 
 
Table 9 country of secondary education shows representation from three individual 
countries shows thirty-one participants (83.8%) received their secondary education in 
Australia and Lebanon was one (2.7%) and the Sudan was also one (2.7%). It is 
interesting that there were four participants’ whose secondary education was nationally 
distributed between Australia and other countries which were Denmark, Spain, Sweden 
and Thailand.  The city of Canberra in the ACT is the capital of Australia and because 
of a large number of embassies and foreign government representation and the strong 
presence of the Australian military and the associated mobile nature of these entities, it 
is not surprising that four participants had their secondary education in two countries. 
Two participants who were born elsewhere had all their secondary education in their 






Residence - Country of Permanent Residence and Years Living in Australia 
 
All participants indicated that Australia was their country of permanent residence.    
The number of years participants have been living in Australia was divided into five 
categories of year comprising: 0-4, 10-19, 20-29, 30-39, and 40-49. 
 
Table 10: Number of years living in Australia 
 
 
Number of Years 
Living in Australia 
Frequency % 
0-4 1 2.7 
10-19 22 59.5 
20-29 9 24.3 
30-39 3 8.1 
40-49 2 5.4 
Total 37 100 
 
 
Table 10 is the number of years of living in Australia has five age groups: 0-4, 10-19, 
20-29, 30-39 and 40-49.  The responses to this question show that the majority of 
participants (59.5%) have lived in Australia for 10-19 years. The next largest group was 
20-29 (24.3%).  Therefore, the lack of the English language was not going to 
substantially place any particular significance on the resulting data.  Considering the 
statistics for the age of participants, this has drawn a parallel with the dominant age of 





Course Enrolled at the University of Canberra 
 
The subject International Studies Foundations on which this research and experiment is 
based, can be included in a number of courses in the University of Canberra curriculum.  
Therefore, the spread of courses is broad. 
 
Table 11: Participant degree enrolment 
 
 
Single Degrees Frequency % 
Arts International Studies 11 29.7 
Arts (not specified) 4 10.8 
Arts Politics 1 2.7 
Arts Public Relations 1 2.7 
Arts Tourism 1 2.7 
Arts Tourism Management 3 8.2 
Arts International Relations 1 2.7 
Communication in Public Relations 2 5.4 
Arts Education 1 2.7 
Arts Law 3 8.1 
Arts Marketing 1 2.7 
Arts/International Relations 1 2.7 
Double Degrees   
Arts International Studies and Communications 1 2.7 
Arts International Studies/Journalism 2 5.4 
Arts Politics and Communication/Journalism 1 2.7 
Arts Management/International Studies 1 2.7 
Arts Tourism Management/International Studies 1 2.7 
Arts/International Studies 1 2.7 
Total 37 100 
 
Table 11. Students at the University of Canberra are enrolled in single or double 





There were thirty participants enrolled in twelve single degrees and seven participants 
enrolled in double degrees.  Participant degree enrolment of shows Arts/International 
Studies held the largest number of participants with  11 (29.7%).   
 
Number of Subjects Completed 
 
Educational institutions differ in terminology and within this thesis the terms ‘unit’ and 
‘subject’ may be interchanged as they both mean the same thing. A unit or subject is the 
element of a course curriculum that consists of one broad topic.  As seen in Table 8, the 
number of subjects completed by participants at the time of the experiment was not 
large.   
 
Table 12: Participant course subjects completed 
Number of Subjects 
Completed 
Frequency % 
0 2 5.4 
1 1 2.7 
2 3 8.2 
3 2 5.4 
4 21 56.7 
6 2 5.4 
8 1 2.7 
12 2 5.4 
15 1 2.7 
22 2 5.4 






Table 12. The number of subjects completed by the participants varied from 0 to 22.  
Two participants (5.4%) had not yet completed any subjects and at the opposite end of 
the scale two participants (5.4%) had completed twenty-two subjects.  The majority of 
the participants 21 (56.7%) had completed four subjects.  Eight participants (21.6%) had 
completed fewer than four subjects and three participants (8.1%) had completed only 
two subjects in their course. 
 
The large number of participants (21) who had only completed four subjects in their 
degree is because it is necessary for students to complete core subjects before they 
continued onto electives.  International Studies Foundations is a core subject for a 
number of degrees and core subjects are often completed first.  This ensures students 
gain a thorough knowledge of the basics and an understanding of their field before 
advancing to more complex studies.  There were thirty-two (86.5%) full time students 
and five (13.5%) part time students.  Twelve participants (32.4%) were not born and 
educated in Australia and 25 (67.6%) were born and educated only in Australia. 
 
Language Expertise 
 First Language 
 
Table 13: Participant spoken first language 
 
 
Language Frequency % 
English 33 89.2 
Arabic 1 2.7 
Dinka 1 2.7 
Macedonian 1 2.7 
Polish 1 2.7 






Table 13. Participants had nominated five spoken first languages and English was the 
dominate languages.  The other first languages were: Arabic, Dinka, Macedonian and 
Polish.  That the dominant participant language was English is not surprising 
considering that thirty-one participants were born and currently live in Australia, 
twenty-two had lived in Australia for 10-19 years and thirty-one had their secondary 
education in Australia. 
 Second Language 
 
Table 14: Participant spoken second language 
 
 
Language Frequency % 
None 21 56.7 
Spanish 6 16.2 
English 3 8.2 
Chinese 2 5.4 
Arabic 1 2.7 
Danish 1 2.7 
French 1 2.7 
Greek/Dari 1 2.7 
Swedish 1 2.7 
Total 37 100 
 
 
Table 14. Participants had nominated eight spoken second languages and of those 
Spanish was the most dominate language.  Twenty one participants (56.7%) indicated 





 Language Spoken in Current Residential Home 
 
Participant language spoken in the current residential home was defined as the language 
spoken most often in a current family or household environment.  The majority of 
participants 31 (83.8%) stated that English was the preferred language.  This was 
followed by Dinka, English/Arabic, English/Macedonian, English/Spanish, 
Spanish/English/Italian as the preferred language, all with one participant for each 
(2.7%). 
 
  Level of Language Skill When First Arrived in Australia 
 
Participants were asked (if applicable) to indicate whether their language skill when 
they first arrived in Australia was Fluent, Not so Fluent or No English. This question 
was not applicable to thirty-two participants (86.5%).  Two participants (5.4%) were 
fluent and three (8.2%) spoke no English when first arriving in Australia. 
 
Level of Language Skill at the Time of the Experiment 
 
Participants born in Australia were required to answer questions relating to their first 
and second languages and what language was spoken in their current home. 
 
Participants not born in Australia were required to answer the additional seven 
questions.  The questions were framed around participant first and second language and 
their reading, writing and listening ability. 
 
English Language Now: Two participants (5.4%) indicated their English language was 
now Very Good, two (5.4%) indicated Moderately Good and 33 (89.2%) were Not 
Applicable. 
 
Reading First Language: Two participants (5.4%) indicated their first language reading 
as Fluent, two (5.4%) indicated Poor, 32 (86.5%) indicated Not Applicable and one 






Writing First Language: Two participants (5.4%) indicated their first language writing 
as Very Good, two (5.4%) indicated Poor, thirty-two (86.5%) indicated Not Applicable 
and one participant (2.7%) failed to answer the question. 
 
Listening First Language: Four participants (10.8%) indicated their first language 
listening as Very Good, thirty-one (83.8%) indicated Not Applicable and two 
participants (5.4%) failed to answer the question. 
 
Reading Second Language: Two participants (5.4%) indicated their second language 
reading was Very Good, two participants (5.4%) indicated Moderately Good, one 
participant  (2.7%) indicated Very Poor, 31 (83.8%) indicated Not Applicable and one 
participant  (2.7%) failed to answer the question. 
 
Writing Second Language: Two participants (5.4%) indicated their second language 
writing was Very Good, one participant (2.7%) indicated Moderately Good, one 
participant (2.7%) indicated Average, one participant (2.7%) indicated Poor, 31 (83.8%) 
indicated Not Applicable and one participant (2.7%) failed to answer the question. 
 
Listening Second Language: Two participants (5.4%) indicated their second language 
listening was Very Good, two participants (5.4%) indicated Moderately Good, one 
participant (2.7%) indicated Poor, 31 (83.8%) indicated Not Applicable and one 
participant (2.7%) failed to answer. 
 
The above questions pertaining to education and language skills have established that the 
majority of the participants, although a number were not primarily educated in Australia, 
felt they had good command of the English language and still practiced their non-English 







There were six questions related to computer technology and these questions were 
designed to elicit participant comfort level with computers.  The hours of computer use 
combined with online programs utilized was to provide an indication of the level of 
expertise of participant information seeking.  The questions asked were whether the 
participant had a computer at home, if it was used for study or recreation and the 
number of hours per week it was used.  Participants were also asked whether they used 
computers at university and the number of hours a week they were used.  The number of 
hours was on a 1-5 point scale commencing with 1 (1-10 hours), 2 (11-20 hours), 3 (21-
30 hours), 4 (31-40 hours) and 5 (41-50 hours). 
 
Comfort with Computer Technology 
 
 
Table 15: Comfort with computer technology 
  
 
Scoring Frequency % 
Very Comfortable 14 38.9 
Moderately Comfortable 20 55.6 
Not Comfortable 2 5.5 
Total 36 100 
 
 
Table 15. Participant comfort with computer technology was scored on three levels of 
comfort: Very Comfortable, Moderately Comfortable and, Not Comfortable. Table 11 
shows 14 participants (38.9%) felt very comfortable, twenty participants (55.6%) felt 
moderately comfortable and two participants (5.5%) were not comfortable.  One 
participant did not answer the question.  It was not surprising that the majority of 
participants were either very comfortable or moderately comfortable with computer 
technology as the use of computers in schools, universities and the home is very 




 Computers at Home 
 
Thirty-five participants (94.5%) had computers at home and two participants (5.4%) did 
not have a computer at home. 
 Home Computer Hours of Weekly Use 
 
Table 16: Home computer hours of weekly use 
 
Number of Hours Frequency % 
1-10 12 32.4 
11-20 12 32.4 
21-30 8 21.6 
31-40 1 2.7 
41-50 2 5.4 
Non Use 2 5.4 
Total 37 100 
 
 
Table 16. Hours of weekly use of home computer showed that the majority of 
participants use the computer for 1-20 hours per week.  The dominant number of hours 
of use of a computer at home was 1-20 with a total of twenty-six participants equally 
spread between 1-10 and 11-20 hours.  Two participants (5.4%) did not have a computer 





 Home Computer Used for Study or Recreation 
 
Table 17: Home computer used for study or recreation 
 
 
Study/Recreation Frequency % 
Study 21 56.8 
Recreation 13 35.1 
Work 1 2.7 
Non Use 2 5.4 
Total 37 100 
 
Table 17. Home computer used for study or recreation was distributed between Study, 
Recreation, Work and Non Use.  Of all participants who had computers at home, 
twenty-one participants (56.8%) used them for study and thirteen participants (35.1%) 
used them for recreation.  One participant (2.7%) noted that they used their home 
computer for work.  Two participants (5.4%) did not have a computer at home.  
Interestingly, the dominant use of a home computer is for study, followed by recreation. 
 
 University Computer Usage 
 
Thirty-one participants (83.8%) indicated they used a computer at university and six 
(16.2%) indicated they did not use a computer at university.  Of the thirty-one 
participants (83.8%) who did use a computer at university, their usage was: twenty-five 
participants 1-10 hours (67.6%), four participants 11-20 hours (10.8%) and two 





  University Computers Hours of Weekly Use 
 
There are many computers available for student usage at the University of Canberra.  
They are located in almost every building, especially libraries, academic skills centers, 
divisional study rooms and computer laboratories as well as information services. 
 
Table 18: University computers hours of weekly use 
 
Number of Hours Frequency % 
1-10 25 67.6 
11-20 4 10.8 
21-30 2 5.4 
31-40 0 0.0 
41-50 0 0.0 
Non Use 6 16.20 
Total 37 100 
 
Table 18. Participant use of university computers shows that 25 participants (67.6%) use 
university computers for 1-10 hours a week.  This figure may not appear a large number 
of hours however the computers in the University library are always in constant use as 
students use them for short periods to access the library catalogue, electronic databases, 
personal email and internet use.  In the following section on Information Seeking Tools 





5.3 Control and Experimental Groups - Age Statistics 
 









15-19 6 11 17 
20-24 5 8 13 
25+ 1 5 6 
Unanswered 1 0 1 
Total 13 24 37 
 
Table 19. The age group frequency is predominately 15-19, 20-24 and 25+.  The 
distribution for the experimental group places eleven participants (45.8%) aged between 
15-19 and eight participants (33.3%) were aged 20-24.  There were six (25.0%) aged 25+.  
One participant failed to answer the question. 
 
In running the t test for the control group, SPSS was not able to compute the calculation as 
‘the correlation and t cannot be computed because the standard error of the difference is 0 
because of the small number’. However, it is apparent that the two groups were essentially 
similar and in this respect valid comparisons might be made between them. 
 
Information Seeking Tools 
 
This section details participant quest for information and tool usage. 
 
Participants were asked to provide information regarding their use of information 
seeking tools.  The question was asked on a Likert scale from 1 to 5 with 1 - All the 




The listed tools that participants could select were Library electronic databases, Library 
electronic journals, Library e-reserve collection, Netscape, Microsoft Explorer, Google 
or ‘Another internet search tool’.  In the case of participants selecting ‘Another internet 
search tool’, they were asked to write the name of the tool in the space provided on the 
questionnaire. 
  
 Library Electronic Databases 
 
Table 20: Library electronic database use 
 
Scoring Frequency % 
All the time 12 32.4 
Often 10 27.1 
Sometimes 8 21.6 
Not Often 6 16.2 
Never 1 2.7 
Total 37 100 
 
Table 20. There were five categories of scoring for the use of electronic data bases.  
Participant use, in descending order shows that twelve participants (32.4%) used library 
electronic databases all the time, ten (27.1%) used them often, eight (21.6%) used them 
sometimes, six (16.2%) used them not often.  One participant (2.7%) never used Library 
Electronic Databases.   The most notable of the above figures may be the representation 
that 59.5% of participants use the library electronic databases all the time or often and 
18.9% used them either not often or never. Interestingly the 21.6% who used them 
sometimes might represent the ‘average’ information seeker who uses a variety of tools 





Library Electronic Journals 
 
Table 21: Library electronic journals use 
 
Scoring Frequency % 
All the time 9 24.3 
Often 11 29.7 
Sometimes 9 24.3 
Not Often 6 16.2 
Never 2 5.4 
Total 37 100 
 
Table 21. Scoring for Library electronic journals is strongly favoured towards All the 
time, Often and Sometimes.  The descending order shows 11 participants (29.7%) used 
library electronic journals often, nine (24.3%) used them all the time and another nine 
(24.3%) used them sometimes.  Six participants (16.2%) used them not often and two 
participants (5.4%) never used library electronic journals.  Those who use the library 
electronic journals often are more likely to be able to use them successfully because of 







Table 22: Library E-reserve collection use 
 
Scoring Frequency % 
All the time 7 19.0 
Often 9 24.3 
Sometimes 10 27.0 
Not Often 6 16.2 
Never 4 10.8 
No Answer 1 2.7 
Total 37 100 
 
Table 22. Use of the Library e-reserve was not answered by one participant.  However, 
in descending order the scoring shows 10 participants (27.0%) used the library e-reserve 
sometimes, nine (24.3%) used them often, seven (19.0%) used them all the time, six 
(16.2%) used them not often.  It is interesting in making a comparison of participant use 
of library electronic journals and library e-reserve is that 10.8% never use library e-
reserve and 5.4% never use library electronic journals.  One participant failed to answer 
the question and was excluded from the above calculation.  The ‘sometimes’ use of the 
library e-reserve materials by 27.0% of the participants is moderately strong evidence 
suggesting that the group was representative of the student population as course 







Table 23: Netscape use 
 
Scoring Frequency % 
All the time 1 2.7 
Often 2 5.4 
Sometimes 4 10.8 
Not Often 3 8.1 
Never 23 62.2 
No Answer 4 10.8 
Total 37 100 
 
Table 23. Netscape use does not indicate popularity amongst the participants. The 
scoring shows that twenty-three participants (62.2%) never use Netscape and one 
participant (2.7%) uses it all the time.  This is interesting as Netscape had been 





 Microsoft Explorer 
 
Table 24: Microsoft Explorer use 
 
 
Scoring Frequency % 
All the time 14 37.8 
Often 7 19.0 
Sometimes 4 10.8 
Not Often 1 2.7 
Never 8 21.6 
No Answer 3 8.1 
Total 37 100 
 
Table 24. Microsoft Explorer use is indicates that it is the most popular amongst the 
participants.  The result shows that fourteen participants (37.8%) used Microsoft 
Explorer all the time.   In making a comparison of participant use of Microsoft Explorer 
and Netscape, there is a decrease of 40.1% of participants who never use Microsoft 
Explorer.  At the other end of the spectrum, 2.7% of participants use Netscape all the 
time and 37.8% use Microsoft Explorer all the time, being a difference of 35.1%.  







Table 25: Google use 
 
Scoring Frequency % 
All the time 22 59.5 
Often 10 27.0 
Sometimes 3 8.1 
Not Often 0 0.0 
Never 2 5.4 
Total 37 100 
 
Table 25. The use of Google All the Time and Often was the most popular response. 
In descending order, participant use of Google indicates that twenty-two participants 
(59.5%) used Google all the time and 2 (5.4%) never used Google.  The scoring for 
participant use of Google is not surprising as previous empirical and survey research 
reveal similar figures.  However, when participant use of all the time use of Google is 
compared with the use of library electronic databases there is a difference of 27.1% as 
32.4% of participants use electronic databases and 59.5% use Google.  Comparing all 
the time use of Google with the use of library E-reserve, with 19.0% who use E-reserve 
all the time and 59.5% who use Google all the time shows there is a 40.5% difference.  
It must be acknowledged that while various search tools available for students may not 





Comparison of User Information Seeking Tools 
 
Table 26: Comparison of information seeking tool use 
 












32.4 27.1 21.6 16.2 2.7 
Electronic 
Journals 
24.3 29.7 24.3 16.2 5.4 
E-reserve 19.0 24.3 27.0 16.2 10.8 


















Table 26 is a comparative table showing the percentage of participants who use various 
information seeking tools.  The widest variation is between Netscape and Google.  
Netscape is never used by 62.2% of participants and Google is used all the time by 
59.5% of participants.  This is an indication that the use of non-academic research tools 





Other Search Engine or Search Tool 
 
Table 27: Other search engine or search tool use 
 
Scoring Frequency % 
All the time 7 18.9 
Often 8 21.6 
Sometimes 9 24.3 
Not Often 3 8.2 
Never 4 10.8 
No Answer 6 16.2 
Total 31 100 
 
Table 27. Other search engine or search tool results are varied.  In descending order, use 
of another search engine or search tool shows that, nine participants (24.3%) sometimes 
used another search engine, eight (21.6%) often used one, and seven (18.9%) used one 
all the time.  These statistics indicate the variety or number of search engine or search 
tools participants use for their information seeking needs, thus widening and/or 





Other Self Nominated Search Engine 
 
Table 28: Named other search engines or information search tools 
 
 
Other Tools Frequency % 
Yahoo 6 16.20 
Dogpile 2 5.4 
Mozilla FireFox 2 5.4 
Altavista 1 2.7 
MSM 1 2.7 
Wikipedia 1 2.7 
Newspaper Websites 1 2.7 
Amazon 1 2.7 
Safari 1 2.7 
Altavista and Google Scholar 1 2.7 
MSN and Yahoo 1 2.7 
Altavista and Yahoo 1 2.7 
Wikipedia and MSN 1 2.7 
Yahoo and Ask Jeeves 1 2.7 
No Answer 16 43.2 
Total 21 100 
 
Table 28. The most indicated participant response for named other search engines or 
tools was Yahoo.  Sixteen participants (43.2%) indicated that they used another 
information seeking tool apart from those listed in the pre-test questionnaire however 
they failed to provide a name of the other tool/s they used.  Of those who did indicate 
the name of the tool, the most named was Yahoo with six participants (16.20%).  It is a 
surprising result that the majority nominated Yahoo as it is not a purpose designed 
search tool, but rather a directory with links to information, and does not support 
advanced features similar to Google ‘Advanced’. Yahoo is also not necessarily related 
to academia. 
 
Of the above websites listed by participants as being used for their information seeking, 
it is interesting to note that a number of them use programs on the World Wide Web 
that are not information seeking or web search tools and of the fifteen different tools 






In the previous section detailing participant demographics the following results detail 


















































Table 29: Participant demographics and percentages 
 
Dominant age group 15-19 45.9% 
Gender Female 67.6% 
Country of birth Australia 83.8% 
Country of primary education Australia 78.4% 
Secondary education Australia 83.8% 
Years living in Australia 10-19 59.5% 
Course enrolled at the 
University of Canberra 
Arts International Studies 29.7% 
Number of subjects completed 4 56.7% 
Full or part time student Full time 86.5% 
Born and educated only in 
Australia 
25 67.6% 
Language - first language English 89.2% 
Language - second language None 56.7% 
Language - spoken in current 
residential home 
English 83.8% 
Language - skill when arrived 
in Australia 
Not Applicable 86.5% 
Participant comfort - computer 
technology 
Moderately comfortable 55.6% 
Hours of weekly use of  home 
computer 
1-10 and 11-20  Equal on 32.4% each 
Home computer use Study 56.8% 
Hours of weekly use of 






Table 29 participant demographics and percentages shows the highest representative 
results for all participants in the experiment. The results indicate that 83.8% of 
participants speak English as their first language in their current residential home and 
89.2% of them state that English is their first language.  Interestingly, 83.8% were 
Australian born, 86.5% were full time students and the dominant age group was 15-19 
which represents 45.9% of the sample. 
 
The summary of Pre-test Questionnaire Demographics above shows that the dominant 
participant gender is female, is Australian and uses a home computer for study, and has 
completed four subjects in Arts/International Studies.  Regarding computer technology, 
participants are comfortable and regularly use a variety of information seeking tools for 
their information seeking, however Google and Yahoo are the dominant choice. 
 
Table 30: Dominant information seeking tools and percentage 
 
Library Databases All the time 32.4% 
Library Electronic Journals Often 29.7% 
Library E-reserve Sometimes 27.0% 
Netscape Never 62.2% 
Microsoft Explorer All the time 37.8% 
Google All the time 59.5% 
Another Search tool or facility Sometimes 24.3% 
Yahoo No mention of frequency 16.20% 
 
 
Table 30 depicts the eight most dominant information seeking tools.  The results show 
that Library electronic databases are often utilized by over one third of respondents.  
However, 59.5% of respondents nominated Google as being used all the time.  The use 
of various different www information seeking tools is indicative that information 
seekers use a variety of tools and nominated facilities such as Microsoft Explorer.  The 
next stage in the comparative study was to examine the results of the experimental 




5.4 Experiment Pre-test Results 
 Introduction 
The first step in the experiment was the pre-test questionnaire, the second step was 
participants’ use of Rootza or Google (depending on whether they were in the control or 
experimental group).  The third step was the post-test questionnaire which was different 
in scope to the pre-test questionnaire.  This is because it was shorter, and besides 
providing the second half of the evaluation of participant search terms, it also provided 
qualitative input into the value of the online core concept thesaural database and web 
page, collectively named Rootza. 
 
The post-test questionnaire again asked the research questions however, participants 
were also asked to write down the search terms they remembered using during the 
experiment.  Following the three questions on search terms participants remembered 
using, participants in the experimental group were also asked to write down as many of 
the six steps of information seeking they remembered from the experiment.  Participants 
in the experimental or control groups who could not name any steps or search terms 
particular questions were excluded from the statistical calculations.  The name and 
number of core concepts used by participants were entered into SPSS by the researcher. 
 
As a process to address the research question, before the analysis and evaluation of 
results was to be examined it was initially determined to establish novice and 
experienced categories and the differences between them.  This was based on a 
combination of the amount of participant usage of computers both at home and 
university, how many online web based information seeking tools the participant used 
and whether this use was frequent or infrequent. Additionally, participant comfort level 
with computer technology was considered a factor. 
 
A review of other evaluation methods to identify novice information seekers 
(Marchionini, [1995], Marchionini and Komlodi [1993], Lazonder and Biemans [2000]) 
had established that the criteria of less than ten hours of previous use of the www 
accompanied with using fewer than three information tools and search engines 
accompanied with participant comfort level with computer technology, is an established 
method.  Those participants who have used a computer on the www for less than ten 
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hours and indicated that they have never used a minimum of three of the nominated 
information seeking tools or search engines on the questionnaire, and are moderately 
uncomfortable using computer technology are determined to be novices. 
 
It is important to note that the rapid growth and use of computers in schools, colleges, 
universities and homes during the last five years has produced the situation whereby 
very few students do not feel some degree of comfort with computer technology.  What 
constituted a novice five years ago does not necessarily constitute a novice today. 
 
Of the thirty-seven participants in the experiment, fourteen participants were classified 
as very comfortable and twenty classified as moderately comfortable and two were not 
comfortable with computer technology.  Therefore, almost all participants were 
considered to be experienced information seekers because of the number of various 
information seeking tools they used, accompanied by a large amount of hours spent 
using computers for information seeking.  There were no novice information seekers in 
either the Control or Experimental group.  In the experimental group there was only one 
participant who came close to being evaluated as a novice user. However, he/she stated 
he/she was very comfortable with computer technology and also used three online 
search tools all the time, one tool sometimes and used the computer one to ten hours a 
week.  A second participant was also very comfortable as he/she used three tools all the 
time, one tool sometimes and also used the computer one to ten hours a week.  A third 
participant was also very comfortable as he/she used two tools sometimes, four tools not 
often and used the computer one to ten hours a week.  Participants who were 
comfortable used at least four tools all the time and often used at least three tools.  In 
the control group the closest participant to a novice user was one who was comfortable, 
used two tools sometimes, four tools not often and used the computer one to ten hours a 
week. 
 
Therefore, as the above participants reported themselves to be comfortable with 
computer technology and their least used tools were between two and four and they 
used the computer for one to ten hours a week, they did not fit the classification of a 
novice user.  Accordingly, based on the participant answers, this research experiment 




All statistics in the following figures are calculated by the number of participants in the 
control and the experimental groups who answered the research questions and all 
statistics in the following tables are calculated by the number of all participants who 
took part in the experiment that is, 13 for the control and 24 for the experimental 
groups.  This was done in order to provide statistical information on the control and 
experimental groups and to also provide information on the numerical variation between 





5.5 Knowledge of Six Steps of Information Seeking 
 
The first component of the experiment was to determine the participant knowledge of 
the six steps of information seeking. 
 
There were two questions.  The first asked whether the participant was familiar with the 
Six Steps of Information Seeking (the Big 6) and the second asked participants to name 
as many of the six steps that they knew. The first question showed that five participants 
were familiar with the Six Steps of Information Seeking.  For the second question 
asking participants to name any of the six steps, three named one step, one named two 





Figure 8: All participant pre-test named six steps of information seeking 
 
Figure 9 shows there were three steps identified for the six steps of information seeking.  
Of the number of participants who answered this question only, the pre-test Six Steps of 
Information Seeking shows (8.1%) could name one step, (2.7%) could name two steps 
and another (2.7%) could name three steps. Thirty two participants (86.5%) of the total 
sample) failed to answer the question.  The research suggests that because participants 
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Number of Steps Identified (n=5) 
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the steps. As well, failing to answer the question is another indication that they did not 
know any of the six steps of information seeking. 
 
During the experiment a number of participants asked the researcher how to note the 
questionnaire if any of the six steps were unknown.  The researcher advised participants 
to mark the question with the words ‘not known’, place a stroke or leave blank.  
Because of the importance of this particular question the researcher, observing 
participants who had not written anything in that area, checked by asking them if they 
knew any of the steps.  This was because the researcher preferred to point out the 
question to the participants rather than chancing the participant not writing anything 
because they failed to see the question. The Six steps of information seeking are:  Task 
definition, information seeking strategies, location and access, use of information, 
synthesis and evaluation. 
 





Figure 9: Both groups pre-test named six steps of information seeking 
 
Figure 10 showing that both groups pre-test named six steps of information seeking is a 
comparison between the control and experimental groups pre-test participant knowledge 
of the six steps of information seeking.  Of the three participants in the control group 
who answered the question, each participant named one of the six steps and two 
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all participants could name some of the steps and 86.4% could not name any of the six 
steps of information seeking. 
 
 
Table 31: Both groups pre-test six steps of information seeking comparison 
 













1 Step 1 33.3 2 100.0 
2 Steps 1 33.3 0 0.0 
3 Steps 1 33.3 0 0.0 
 
Table 31 is a percentage comparison between the control and experimental group’s pre-
test participant knowledge of the Six Steps of Information Seeking.  The difference is 
that more of the control group named different steps than the experimental group. 
 
Control and Experimental Groups Post-test Results 
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Figure 11 both groups post-test Six Steps of Information Seeking is a comparison between 
the control and experimental groups post-test participant knowledge of the Six Steps of 
Information Seeking.  It is interesting that there was an improvement in the knowledge of 
the steps of information seeking because in the pre-test only two participants in the 
experimental group could name one step whereas in the post-test there was an increase in 
the knowledge of two, three, five and six steps. Consistency is evident in both the control 
and experimental groups naming of steps.  Participants in the control group named one, 
three and four steps. No participants in the control group named the fifth or sixth steps.  
Participants in the experimental group named the first, second, third, fifth and sixth steps. 
Three participants (8.1%) in the control group named the first, third and fourth steps and 
eight participants (21.6%) in the experiment group named the first, second, third, fifth and 
sixth steps.   
 
Experimental Group Pre-test Post-test comparison of Six Steps of 







Figure 11: Experimental group pre-test post-test six steps of information seeking 
 
Figure 12 shows the experimental group pre-test post-test six steps of information seeking 
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only 2 steps were named.  However, this increased in the post-test as two, three and five 
and six steps were named. Percentage wise, the post-test shows an increase from 8.1% to 
21.6%, an increase of 13.5%. 
 
Experimental Group T-test – Six Steps of Information Seeking Pre-test Post-test 
Results 
 
The experimental group pre-test and post-test for the naming of the six steps terms 
paired sample test for shows that the t = 1.657.  The sig 1 tailed result is p< 0.056.  The 
accepted levels of significance for this experiment is 0.05 and in this test, because the 
probability is p<0.056, this means that the result of the Six Steps of Information 
Seeking comparison is statistically not significant.  Although this result is not 
statistically significant, presumably because of the small numbers involved, it is 
nevertheless very close to being significant. 
 
Control Group Pre-test and Post-test Comparison 
 
The control group pre-test and post-test comparison above revealed that both the pre-
test and post-test results were identical.  One participant (33.3%) named one step, one 
participant (33.3%) named two steps and one participant (33.7%) named three steps. 
 
Control Group T-test – Six Steps of Information Seeking - Pre-test, Post- test 
Results 
 
In running the t-test for the control group, SPSS was not able to compute the calculation 
as ‘the correlation and t cannot be computed because the standard error of the difference 





5.6 Search Terms and Questions 
 
The three research questions put to the participants in the pre-test questionnaire to 
evaluate participants’ ability to establish and/or develop search terms produced the 
following results. 
 
Below, in descending order, are the pre-test questionnaire results with the number of 
written search terms, number of participants and the percentage of the total of 
participants for each question.  This is followed by the pre-test identified search terms. 
 
Question 1. All Participants - Identified Search Terms 
 
This section informs on the results for Question 1 for all participants in the control and 
experimental groups.  The question was: ‘What is the effect of the White Australia 




The types of search terms accepted were either direct from the research question such as 
‘White Australia Policy’ ‘Australian Society in the 20
th
 Century’ or a combination of 
the two or composites such as ‘White Australia Policy in Australia’ or ‘20
th
 Century 
Australia and the White Australia Policy’.  Other examples of similar terms or phrases 
accept were ‘Indigenous Australia in the 20
th
 Century’ and ‘Indigenous Australians and 








Figure 12: Question 1. Identified Search Terms 
 
 Question 1 is the first of three research questions the participants could have selected to 
answer.  Identified Search Terms shows that in the naming of search terms 14 
participants (37.8%) identified two terms, nine participants (24.3%) identified three 
terms and two (25.4%) each identified one term.  Two participants failed to write down 
any terms. However, this does not mean they failed to answer the question because they 







































All Participants Pre-test Question 1. Indentified Search 
Terms 




Question 1. Control and Experimental Groups Pre-test Comparison 
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Figure 13: Question 1. Both groups pre-test identified search terms 
 
 
The experimental group pre-test Question 1 shows the percentage of search terms 
identified by participants.  The identified search terms shows that ten participants 
(45.5%) identified two terms, five participants (22.7%) identified three terms and three 
participants (13.6%) identified one term. The absence of any written search terms by 
participants does not indicate their lack of recognition of search terms, rather, they 
selected an alternative question to answer. 
 
The control group identified more search terms than the experimental group and also 
one participant identified eight search terms.  Of the 13 participants in the control group 
five participants (38.4%) identified one term, four (30.7%) identified three terms, two 
(15.3%) identified two terms, one participant (7.6%) identified six terms and one (7.6%) 
participant identified eight search terms.  A total of nine participants could identify up 































Control and Experimental Groups Pre-test Comparison 
Question  1 









Figure 14: Question 1. Both groups post-test identified search terms 
 
Figure 15. Control and experimental groups post-test Question 1 shows four different 
search terms identified.  Three control group participants (23.7%) identified one term, 
five participants (38.4%) identified two terms, three participants (23.0%) identified 
three terms and one participant (7.6%) identified four terms.  Of the experimental group, 
thirteen participants (54.1%) identified one term, six participants (25.0%) two terms, 
two participants (8.3%) three terms and another two participants (8.3%) identified four 
terms.   Two things are interesting in these statistics.  The first is that in the pre-test two 
participants in the control group each identified 6 and 8 terms and there were two 
participants in the experimental group who identified a fifth search term, however in the 


























Control and Experimental Groups Post-test Comparison 
Question 1 




Question 1. Control and Experimental Groups Pre-test Post-test Comparison 
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Figure 15: Question 1. Both groups pre-test post-test identified search terms 
 
Figure 16 shows the result difference between the control and experimental groups.  The 
pre-test and post-test comparison reveals evidence of an increase of identification of 
search terms with the experimental group.  The mean number of search terms identified 
for the control group pre-test was 1.6 and the control post-test was 1.4 which is a drop 
of 0.2.  The mean number for the experimental group pre-test was 1.6 and the 
experimental group post-test was 2.6 which is an increase of 1.0.  Therefore, there was 
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Question 2.  All Participants Identified Search Terms 
 
This section reports on the results for Question 2 for all participants in the control and 
experimental groups.  The question was: ‘What does the concept of intercultural 
awareness mean to Australians?’ 
 
The types of search terms accepted came directly from the research question such as 
‘concept of intercultural awareness’, ‘intercultural awareness in Australia’ or a 





Figure 16: Question 2. All participant identified search terms 
 
Figure 17 Question 2 identified search terms shows four different terms were identified.  
Thirteen participants (43.3%) identified one term, thirteen participants (43.3%) 
identified two terms, two participants (6.6%) identified three terms and an additional 





























All Participants Pre-test Question  2. Identified Search 
Terms 









Figure 17: Question 2. Both groups pre-test identified search terms 
 
Figure 18. The control and experimental groups pre-test comparison for Question 2 of 
identified shows that both the control and experiment groups identified one, two and 
four search terms.  The experimental group result shows that nine participants (56.2%) 
identified one term, five participants (31.2%) identified two terms and two participants 
(12.5%) identified four terms.  More participants in the control group identified two 
search terms than those in the experimental group.  Four participants (28.5%) identified 
one term, eight participants (57.1%) identified two terms and two participants (14.2%) 
identified four terms. The majority of participants (56.2%) could identify two search 


























Control and Experimental Groups Pre-test Comparison 
Question  2 









Figure 18: Question 2. Both groups post-test identified search terms 
 
Figure 19. Control and experimental groups post-test Question 2 shows two different 
search terms were identified.  The control group was consistent as one participant 
(50.0%) identified one search term and the other participant (50.0%) identified two 
search terms.  There were three participants in the experimental group who answered 

























Control and Experimental Groups Post-test Comparison 
Question  2 








Figure 19: Question 2. Both groups pre-test post-test identified search terms 
 
Figure 20 shows the difference between the control and experimental groups and the pre-
test and post-test results.  For the control group pre-test there was a mean of 4.6 identified 
search terms and the post-test mean was 1.  This is a mean drop of 3.6 search terms 
between the pre-test and the post-test for the control group.  The experimental group pre-
test had a mean of 7.6 identified search terms and a post-test mean of 1 identified search 
terms.  This is a mean decrease of 6.6 identified search terms.  Therefore, there was a 
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Question 3. All Participants - Identified Search Terms 
 
This section reports on the results for Question 3 for all participants in the control and 
experimental groups.  The question is: ‘Can Australia be simultaneously colonial and 
post-colonial in its attitude to the indigenous population?’ 
  
The types of search terms accepted were directly from the research question such as 
‘Australia colonial attitude indigenous population’, ‘Australia post-colonial attitude 
indigenous population’, ‘Australian attitude colonial and post-colonial indigenous 
population’, ‘Australia attitude indigenous population’ or a composite of these or other 
terms and phrases in relation to the research question.  This question, being more 
complex in style, was designed to provide an opportunity for the participants to exhibit 







Figure 20: Question 3. All participants pre-test identified search terms 
 
Figure 21. Question 3 identified search terms shows five different search terms were 
identified.  Seven participants (30.4%) identified two terms, six participants (26.0%) 



























All Participants Pre-test Question  3. Indentified Search 
Terms 
Number of Search Terms Identified (n=23) 
215 
 
(8.6%) identified four and five terms and one participant (4.3%) identified six terms.  
Fourteen participants failed to identify any search terms. 
 
Question 3 has also drawn surprising results with the number of search terms identified.  
Considering that the third question was designed to encourage participants to be 
critically reflective and develop their own search terms for the question rather than have 
it provided to them, there were two participants who identified four and five search 
terms for this question. 
 
Because of the increasing complexity of the questions and the search terms being not so 
obvious in the later questions, deeper critical thought on participants’ behalf was needed 
to develop the search terms.  Therefore, as the questions became harder the amount of 
responses to the questions became less.  However, more interesting is that one 
participant developed a long research term string that was ‘Colonial and post-colonial 










Figure 21: Question 3. Both groups pre-test identified search terms 
 
Figure 22 compares the control and experimental groups pre-test Question 3.  The 
control group identified search terms shows that one participant (8.3%) identified one 
term, five participants identified (41.1%) two terms, four participants (33.3%) identified 
three terms, one participant (8.3%) identified four terms and one participant (8.3%) 
identified six terms.    
 
Of the experimental group, four participants (36.3 %) identified one term, two 
participants (18.1%) identified two terms with another two participants (18.1%) 
identifying three terms.  One participant (9.0%) identified four terms and two 
participants (18.1%) identified five search terms.  No participant in the experimental 



































Control and Experimental Groups Pre-test Comparison 
Question  3 










Figure 22: Question 3. Both groups post-test identified search terms 
 
 
Figure 23.  In the post-test, Question 3 few participants identified search terms.   
The control pre-test mean number of terms was 2.0 and the post-test was 1.5.  This is a 
decrease of 0.5 mean terms.  For the experimental group the pre-test number of terms 
was 2.0 and the post-test was 1.0.  This is a decrease of 1.0 mean terms. 
 
An interesting point is that one participant who answered the question ‘Can Australia be 
simultaneously colonial and post-colonial in its attitude to the indigenous population?’ 
wrote down the search terms remembered using as: ‘Greenhouse emissions, 
environment, environmental law, environmental policy’.  This participant was also able 
to identify three of the six steps in information seeking.  However, in reviewing the pre-
test questionnaire, this participant had added an additional question: ‘Q4. and the 



































Figure 23: Question 3. Both groups post-test identified search terms 
 
 
Figure 24 shows the difference between the control and experimental groups and the 
pre-test and post-test results.  In Question 3 the control group pre-test had a mean of 2.4 
identified search terms and the post-test mean was 1.5 identified search terms.  Thus, 
there was a mean decrease of 0.9 identified search terms between the pre-test and the 
post-test.  The experimental group pre-test mean was 2.2 identified search terms and the 
post-test was a mean of 1.0 identified search terms.  This was a mean decrease of 1.2 
identified search terms between the pre-test and post-test for the experimental group.  
The results for Question 3 are similar for both the control and experimental groups 































5.8 Experimental Group T-test – Search Term Identification Pre-test 
 Post-test Results 
 
The experimental group pre-test and post-test for the identification of search terms 
paired sample test for comparing participant knowledge search terms shows the t = 
1.393.  The sig 1 tailed result was p< 0.118.  The accepted levels of significance for this 
experiment was 0.05 and because the probability is p<0.118 this statistically shows that 
the result of the search terms comparison is not significant. 
 
5.9 Web page Criteria Evaluation for Academic Citation 
 
There were three steps in the experimental research. They were: the Six Steps of 
Information Seeking, Participant Identification of Search Terms, and Knowledge of Six 





Figure 24: Both groups’ criteria for academic citation comparison 
 
 
Figure 25 shows the comparison between the control and experimental group 
































Number of Criteria Identified (n=27) 
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participants, eight (44.4%) addressed one criterion, four participants (22.2%) addressed 
two criteria, three participants (16.6%) addressed three criteria and another three 
participants (22.2%) addressed four criteria.   
 
Of the control group, four participants (44.4%) addressed one criterion, two participants 
(22.2%) addressed two criteria, one participant (11.1%) addressed three criteria, and 
two participants (22.2%) addressed four criteria of online academic citation.  This 
indicates that the experimental group performed noticeably better. 
 
5.10 Participant Opinion of the Online Search Tool 
 
The opinions of participants in the experimental group of the online search tool’s 
database and web page were evaluated.  As the questions in the pre-test were: ‘In your 
own words, what is your opinion of using computers and the www for information 
seeking?’ and ‘In your own words, how comfortable are you of using computers and the 
WWW for information seeking’; and questions in the experimental group post-test 
were: ‘In your own words, what are your thoughts and opinion of the thesaurus WEB 
PAGE’ and ‘In your own words, what are your thoughts and opinion of the core concept 
THESAURUS?’; the analysis of the data is qualitative.  During the sessions 
participants’ other expressions and opinions were mixed.   Some expressed the thought 
that the online core concept thesaural database and web page would be especially good 
for people who are not studying as they have little idea how to effectively search the 
www.  Other participants expressed the thought it was good but the web page looked 
too complex to follow.  Whilst observing and listening to the participants during the 
experiment, it seemed obvious that they were trying to follow a logical search pattern 
whilst using Rootza but because the interface is different and something to which they 
felt unaccustomed, they tended to click on buttons and urls to see where the links went.  





Phase 1 Evaluation Tool 
 
The researcher had previously established the scoring system on the Likert Scale of one 
to eight to be: 1 = strongly agree, 2= agree, 3= moderately agree, 5= neutral, 6 
moderately disagree, 7= disagree.   
 
The semantic differential and presenting pairs of adjectives related to the words and 
phrases are detailed in Table 32 below. 
 
Table 32: Differential presenting pairs of adjectives 
 
                           1      2        3       4    5 6       7 
 
Important       ____:____:____:____:____:____:____ unimportant 
 
irrelevant       ____:____:____:____:____:____:____ relevant 
 
useless            ____:____:____:____:____:____:____ useful 
 
valuable         ____:____:____:____:____:____:____ worthless 
 
beneficial      ____:____:____:____:____:____:____ not beneficial 
  
matters to me  ____:____:____:____:____:____:____ doesn't matter to me 
 
uninterested    ____:____:____:____:____:____:____ interested 
 
significant      ____:____:____:____:____:____:____ insignificant 
 
boring            ____:____:____:____:____:____:____ interesting 
 
unexciting     ____:____:____:____:____:____:____ exciting 
 
appealing        ____:____:____:____:____:____:____ unappealing 
  
mundane         ____:____:____:____:____:____:____ fascinating 
 
essential          ____:____:____:____:____:____:____ nonessential 
 
undesirable     ____:____:____:____:____:____:____ desirable 
 
wanted            ____:____:____:____:____:____:____ unwanted 
 




Table 32 shows fifteen pairs of adjectival descriptions. 
 
When analyzing these results the researcher transposed the negatively phrased pairs to 
provide a positive gradient. That is, if ‘important’ was on the left of the scale and 
‘unimportant’ on the right as presented to the participants, this was then converted to 
ensure that all very positive responses, i.e. important, wanted, needed etcetera were 
given‘1’ on the scale.  Correspondingly unimportant, unwanted and not needed etcetera 
were scored‘7’ being the least positive.  Therefore, the figures quoted below 
consistently use a Likert scale of one to seven, one being Important and seven being 
Unimportant.   
 
Participant thoughts and opinions of the online core concept thesaurus database revealed 
that the top five positive responses were; ‘Significant’ 86.37%, ‘Essential’ 86.36%, 
‘Useful’ 77.73%, ‘Important’ 72.73% and ‘Interested’ 72.27%.  At the other end of the 
scale the most negative responses were;  ‘Fascinating’ 45.45%, ‘Matters to Me’ 54.55% 
‘Interesting’ 59.09%, ‘Exciting’ 59.10% and ‘Wanted’ 64.64%. 
 
Participant thoughts and opinions of the core concept thesaurus web page revealed that 
the top five positive responses were; ‘Useful’ 82.67%, ‘Valuable’ 78.28%, ‘Significant’ 
78.26%, ‘Wanted’ 78.26% and Beneficial’ 78.25%.  At the other end of the scale the 
most negative responses were; ‘Fascinating’ 52.17%, ‘Exciting’ 52.18%, ‘Matters to 
Me’ 56.52%, ‘Needed’ 60.87% and ‘Relevant’ 65.22%. 
 
These results are interesting as there is a positive response from the participants.  For 
both the core concept database and the web page the majority felt that the web page was 





Core Concept Thesaural Database – Differential Statistics 
 
The differential statistics in the table below are percentage placements of the adjectives 
in which participants noted their order of placement.  They have been worked out using 
the Likert scale of the core concept database statistics.  Each adjective has a percentage 
factor of Positive, Neutral and Negative.  The positive percentages are represented by 
the participants who saw the individual adjective as a positive, the neutral percentages 
are the percentages that saw the adjective as neither positive nor negative and the 
negative percentages are those who thought the adjective was a negative.  The 
differential percentages are the percentage difference between the positive percentage 
and the negative percentage with the ‘+’ or ‘-‘ distinguishing whether the percentage 
was favourable or unfavourable.  The percentage difference was used to quantify the 
overall placement of the participant opinion of the adjectival term and in turn, the core 






Adjective POSITIVE Neutral NEGATIVE % Differential 
Significant 78.26 17.39 0.00 +78.26 
Wanted 78.26 13.04 4.35 +73.91 
Useful 82.67 4.35 8.70 +73.97 
Beneficial 78.25 13.04 4.35 +73.90 
Valuable 78.28 8.70 8.70 +69.58 
Interested 73.97 13.04 8.70 +65.27 
Desirable 73.91 13.04 8.70 +65.21 
Interesting 73.97 8.70 13.05 +60.92 
Appealing 69.57 17.39 8.70 +60.87 
Important 69.56 17.39 8.70 +60.86 
Essential 69.57 13.04 13.05 +56.52 
Needed 60.87 26.09 8.70 +52.17 
Relevant 65.22 21.74 13.05 +52.17 
Matters to Me 56.52 30.43 8.70 +47.82 
Fascinating 52.17 30.43 13.05 +39.12 
Exciting 52.18 21.74 17.39 +34.79 
 
 





Table 33 shows that the overall reception of Rootza – the online search tool was 
positive as none of the positive results were below 52.17%.  Participant opinion 








Participant opinion of the online tool’s web page design and the thesaurus drew positive 
and constructive responses.  The web page opinions revealed three issues that ranged 
from good simple design, focused results to inaccuracy of results. The thesaurus 
revealed two issues which were the thesaurus is good and the thesaurus needs work. 
 
Thirteen participants expressed the opinions that the tool was a good design, simple to 
use and it saved time.   Five participants thought the tool was good for studies and 
excellent with focused results. Two participants were moderately happy with the design.  
There were no negative responses. 
 
Generally these results may be divided between the Graphical User Interface (GUI) and 
the results generated from searches. 
 
The GUI comments were: 
 ‘Need larger print for key points’; 
‘The web page was simple and easy to use’; 
‘Easy to understand and use for searching was very clever’; 
‘Easy to understand and find things.  Navigation is simple’; 
‘It was a little hard to follow, takes a while to figure out how to search etcetera.’; 
‘Can be simplified for easier use especially the limiting of the search 
areas/domains’; 
‘Pretty basic which is good in order to help those who are not great at computers’; 
‘Clearly set out’; 
‘The design is good and easy to use’; 
‘Looks good, the search bars should be higher up though for quicker access’; 
‘It is relatively easy to use.  It makes using Google much easier’; 
‘I think the layout is fine and uncomplicated so long as it is clear what the functions 
on the site are, I don’t think the layout matters at all’; 
‘Easy to understand and find things.  Navigation is simple’; 





These results indicate that generally, participants were happy overall with the web page 
design but also made comments where the design could be improved.  Those 
suggestions are in the area of size of the fonts, the interface needs to be simplified, and 
search bars could be more prominent. 
 
The thesaurus tool comments were: 
 ‘Very useful in finding web pages’; 
 ‘Good idea’; 
 ‘Good’; 
 ‘Very useful in finding web pages’; 
 ‘A number of the pages come up in German, otherwise web pages were good –   
nice not to have promotional material’; 
‘Could be very useful, needed a bit more time to find information, would be great 
for assignments’; 
 ‘As a web page it is more useful but only if you use the correct terms’. 
 
As with the GUI, the responses were generally positive but there was also the addition 
of suggestions to improve the tool. These comments related to continuing to exclude the 
tool from commercial web pages and the importance of using the correct search terms.  
The comment that the tool’s web page is only useful if the correct search terms are used 
is interesting.  It is an interesting comment as this participant recognizes the importance 
of using correct search terms when information seeking.  
 
The researcher was mindful of all participant comments as this was the factor in 





Phase 1 Experiment Summary 
 
The earlier experimental statistics detailed the results for all participants.  
Before participants were sought, and because the subject International Foundations 
Studies in previous years had a large component of international students and mature 
aged students enrolled, it was hoped that the experiment would have strong 
representation from these two groups.  Additionally, at the design stage of the 
experiment, after a small amount of empirical evidence had been gathered, it was also 
expected to source a number of novice information seekers.  The sample actually 
obtained did not reflect the demographics, lacking international, mature and novice 
information seekers.  Accordingly, there was not a sufficient number in the sample to 
enable satisfactory conclusions to be drawn about these groups.  Therefore, 
demographics in the pre-test questionnaire that consist of nationality and language skills 
were not able to be used as had been intended.  Additionally, since this research 
commenced there has been rapid growth of computers in private homes, educational 
institutions and public areas.  This growth has resulted in the increased computer skills 
of students in westernized countries and therefore, there are very few students and other 
people who may be classified as inexperienced www information seekers. This suggests 
an increase in digital literacy skills although not necessarily information literacy skills. 
 
Because of ethical issues in the experiment, participants were anonymous and those 
who had participated were not able to be contacted for a follow up post-experiment 
evaluation. The following summary of the experiment results reflects the above factors. 
 
Of the three prominent areas of the experiment, participant knowledge of the Six Steps 
of Information Seeking was the most important.   The pre-test results showed that only 
two participants could name three steps, and one participant named two.  Accordingly, 
at the commencement of the experiment 86.4% of participants could not identify any of 
the steps however at the end of the experiment this had decreased to 78.4%. 
 
The post-test result revealed an increase from the pre-test to the post-test.  That the 
result of the experiment for the six steps of information seeking revealed an increase 
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from 13.5% to 21.6% improvement in the knowledge of the Six Steps of Information 
Seeking which is an increase of 8.1%.   
 
The second prominent area of the experiment was search term identification.  There 
were three research questions of which participants could choose any or all to answer in 
identifying their search terms. 
 
In summary, the comparison of identification of search terms for the control and the 
experimental groups with the three questions with the pre-test and post-test results 
positive for Question 1.   Question 1 resulted in a decrease of 0.2 mean terms for the 
control group and the experimental group increased by 1.0 mean terms. Question 2 
resulted in a decrease of 3.6 mean terms for the control group and a decrease of 6.6 for 
the experimental group.  Question 3 resulted in a mean term decrease of 0.5 for the 
control group and a decrease of 1.0 for the experimental group. 
 
The control pre-test mean number of terms was 2.0 and the post-test was 1.5.  This is a 
decrease of 0.5 mean terms.  For the experimental group the pre-test number of terms 
was 2.0 and the post-test was 1.0.  This is a decrease of 1.0 mean terms. 
 
Knowledge of web page academic citation criteria was not considered the most 
dominant element necessary to answer the research question.  The result revealed that 
eight participants (44.4%) addressed one criterion, four participants (22.2%) addressed 
two criteria, three participants (16.6%) addressed three criteria and three participants 
(22.2%) addressed four criteria of academic value.  Considering there were twenty-four 
participants in the experimental group it could be of concern to educators that eight 
participants could address only one criterion.  This is an indication that educators are 
advised to place more emphasis on the evaluation of research materials. 
 
This researcher held the opinion that users who used library electronic databases all the 
time or often would be more likely to be experienced information seekers compared to 
those who used Google or another similar web based tool all the time or often.  It must 
be noted, that at the time of the experiment, Google Scholar was in its infancy and 





Some of the independent variables in the study were: age, gender, self confidence, 
language skill, computer skills, previous knowledge of the subject core concepts, 
existing knowledge of the subject and educational background, knowledge of the 
internet, www and search engines such as Google and Excite as well as knowledge of 
internet interfaces such as, Netscape, Microsoft Explorer, Mozilla and Opera. 
 
Although it was thought the variables would be significant in the research, their effect 
was not particularly great.  Although the participant demographics may have shown that 
there was a wide variation of age, gender and language skill this did not have a 
significant impact on the study because the majority of the participants were aged 
between fifteen to twenty four years, gender was mainly female and the majority of the 
participants were Australian born and educated in Australia where English was their 
major language.  Computer skills did not play a significant role either, as the majority of 
participants had computers at home and also used computers throughout the week.  
Additionally, the majority of participants felt either comfortable or very comfortable 
using computer technology.   
 
Unfortunately, the age demographics of the sample for the experiment did not align with 
the age demographics of the University nor were a large number of participants enlisted.  
The University is generally comprised of mature aged students and the sample age was 
in the younger age group.   
 
Although the researcher had hoped for a larger number of participants to provide a 
clearer indication whether the tool would assist information seekers, the results actually 
obtained have not provided a clear indication.  However, the statistics do show an 
improvement in the naming of the six steps of information literacy as well as a slight 
increase in the knowledge of the criteria for recognition of online materials for citation.  
The rationale for implementing Phase 2 was to gain further insight that might add 







5.11 Findings from Phase 2 
5.11.1 An Overview of Phase 2 
 
Phase 2 is a continuation of the research and the evaluation of the online search tool, 
designed to provide a different perspective from the one identified in Phase 1.   Phase 1 
was to determine if the search tool would assist information seekers and Phase 2 was 
designed to ascertain if it was a learning experience.  Phase 2 was also to ascertain a 
deeper understanding of how participants would use the search tool and the steps used 
and also to determine participant thoughts and opinions of the tool.  The evaluation was 
also an attempt to determine if the changes to the web page design and speed of the 
database had improved the experience for students. 
 
Because Phase 2 participants came from a variety of backgrounds and education, the 
inclusion of extra subjects as mentioned in section 5.2 of this thesis provided the Phase 
2 participants with a much wider choice of subjects which in turn, could have increased 
the level of interest. 
 
5.11.2 Population, Sample and Demographics 
 
The average age of the thirty-seven participating students in Phase 1 of the experiment 
was between 15 and 19 (45.9% of the sample).  The average age of the eleven Phase 2 
participants was between 16 and 23 (100% of the sample).   
 
Of the Phase 1 participants, many had their primary education in Australia however 
their further education was undertaken in many countries.  Phase 2 participants were 
predominately educated in Australia.  Of the Phase 2 participants, 10 (90.9%) were 
educated in Australia and one (9.1%) had primary education in Lebanon  
 
Phase 1 participants were all studying the subject International Studies Foundations at 
the University of Canberra whereas the Phase 2 participants were studying a 
combination of undergraduate degrees at the University of Canberra and the Canberra 
Institute of Technology (CIT) in courses as diverse as Automotive Engineering, Media 
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and Library Studies. Two (18.1%) were studying Engineering and a further two (18.1%) 
were studying Media Production.  The other seven, (63.6%) of the sample, were 
studying Automotive Engineering, Arts/Law, Education, Advertising, Library Studies, 
Organizational Management and Public Relations. 
 
Gender representation in each stage was reversed with Phase 1 participants consisting of 




Phase 1 held four assumptions that were: students have basic computer literacy; prefer 
to use computers and the internet for research purposes rather than paper artifacts; 
already have a basic knowledge of their subject area; and they are interested in finding 
easier and quicker ways of conducting research.  Phase 2 assumptions were the same. 
 
 
5.13 Conduct of the Evaluation 
 
The Phase 2 evaluation tool consisted of three questions.  The questions were: ‘Did you 
find the online search tool helpful for finding information on the internet’; ‘What do you 
think you have learnt from using the online search tool’; and ‘Would you pay for this 
service?’ 
 
Participants had not previously seen the online search tool and were encouraged to 
experiment with the search tool and web page which had been updated from one subject 
during the Phase 1 experiment to ten subjects for the Phase 2 evaluation.  The ten 
subjects were Education Foundations, Information Systems in Organizations, 
Information Technology in Education, International Studies Foundations A, 
International Studies Foundations 2, Organizational Leadership, Organizational 
Management, Society and World Politics, Sociology in Education and Teaching in 






Participants were asked to search any subject using any search term whilst verbalizing 
what they were doing and thinking.  During the process, the researcher recorded the 
dialogue with a hand held recorder. 
 





Figure 25: Phase 2 Question 1. 'Was the online search tool helpful?' 
 
Figure 26. The participants were asked ‘Did you find the online search tool helpful for 
finding information on the internet?’  Participant thoughts and opinions show that five 
participants (45.4%) thought the tool was useful, two (18.1%) thought it was partially 
useful, two (18.1%) expressed the opinion that it is not obviously easy to use, and a 
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Figure 26: Phase 2 Question 2. What was learnt from the online search tool 
 
Figure 27. Participant opinions of what was learnt from using the online search tool 
identified six dominant opinions.  The figure shows that participants (27.3%) learnt 
some of the steps of information seeking, two (18.1%) learnt how to use search terms 
and one participant (9.1%) had learnt other ways of searching.  Two participants 
(18.1%) said they now realized that online ‘rubbish’ could be weeded out and two 
participants (18.1%) said they now realized the possibility of making internet searching 
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Figure 27: Phase 2 Question 3. Would users pay for using the online search tool 
 
Figure 28 shows whether participants would be prepared to pay for using the online 
search tool.  The question asking whether they would pay for this service drew varied 
responses.  One participant said no, another also said no but expressed the opinion that 
their colleges and universities should pay.  One said they would pay but only if there 
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5.15 Participant Perception of Rootza 
 
At the beginning of the Phase 2 evaluation search process, participants did not state 
many verbal thoughts.  Later during the early stage of the evaluation, it was felt that it 
was important to wait until participants showed signs of being comfortable with the 
search tool before eliciting comments.  When participants appeared comfortable and 
relaxed and said something of their own accord, they were gently encouraged them to 
further explain their thoughts.  There were times when they were asked why they were 
performing a particular action.  During this stage they were asked open-ended questions 
such as: ‘Why are you clicking on that?’; ‘What are you looking at?’ and ‘What are you 
thinking?’  The use of open-ended questions was expected to gain insight on their 
attitudes and opinions of the search tool.  A few participants appeared to be reading the 
screen in depth whilst not doing anything in particular.  When asked about this they 
replied with responses that indicated they were trying to establish how the tool worked.  
One participant in particular said they did not understand what they were supposed to be 
doing and they were advised to find a subject of personal interest, select a search term 
or other possible terms and press the ‘Go Rootza’ button to start searching on the 
internet.   
 
When participants found the resulting internet search material was related to their search 
terms, they commenced reading the results then further used other terms to conduct 
more internet searches.  A number of participants wrote down the URL for their results 
and a lesser number wrote down the search terms used; two participants wrote down the 
citations.  They were asked why these citations were being written down and the 
participant responses indicated they would use them in the future. 
 
Generally, the observations and thoughts of the eleven participants appeared to focus on 
eight issues which were: graphic design of the tool; how the tool works; use of own 
search terms; search term combination; use of found information; removal of the 
instructional list; commercial web pages and; lack of interest in the search tool.  The 
issues have been arranged in order to reflect a lineal process of tool use.  That is, the 
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participants’ first look at the graphic design to their final conclusion that they were not 
interested in using the tool.  
 
Issue 1  Design of the tool 
 
A participant who was studying arts/law appeared to be more interested in the physical 
appearance of the tool and this was expressed with the question: 
 
Why aren’t the little boxes with the words in bigger? 
 
Following their question, this participant also expressed other questions that were 
related to the design of the web page, the colours, why fields were on the left hand side 
of the screen and not in the middle as well as why the screen background colour was 
pale yellow. However, this participant added that they liked the green on the Rootza tab 
and the ‘Go Rootza’ button.   It was interesting that this participant was more concerned 
with the physical appearance of the web page rather than the search tool itself.  The 
participant making comments on the web page design and colours may be an indication 
that the search tool colours and page design are not seen as standard or similar to other 
web pages.  It is yet to be determined if the design of the web page, being sufficiently 
different for a participant to comment on, would be distracting and perhaps off-putting 
to users. 
 
A participant who was studying engineering appeared more interested in the content of 
the web page than using the tool.  The researcher noted him reading information on the 
About Rootza page and clicking on various areas of the Blog, Contact, About and Help 
pages for further information.  He continued on with a search that produced results but 
he concluded his evaluation saying: 
 
There is a tab at the top of the screen for blogs but it is all sort of Latin and 
other pages like that…is it there and faulty or is that only the beginning of it and 
it will be there later on? 
 
It is interesting that this participant was not only experimenting with the search tool 
itself but all the associated web pages as well.  The exploration into the Blog, Contact, 
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About and Help pages was gratifying to the researcher as it indicated that the participant 
was interested in reading about the search tool in lieu of simply using it to conduct a 
search.  The researcher wondered if this was a normal procedure that this participant 
followed that is, approaching the new tool and looking at all the pages perhaps to 
determine what information is available.  If so, if this participant follows this procedure 
when starting new tools or web page, this bodes well for an investigative mind and 
positive personal growth of information literacy for the individual. 
 
At the end of this participant evaluation, the researcher advised him that the program 
was at an experimental stage. 
 
Issue  2 How the search tool works 
 
Of the eleven participants, one student who was studying law appeared very interested 
in the search tool. The researcher was noted that the participant spent much time 
moving the mouse around and clicking both left and right mouse buttons on various 
areas of the web page. When asked what he was doing he replied: 
 
This looks interesting, but I am first finding out how it works and what it does 
and how I can use it faster and find short cuts. 
 
This is an indication that although this participant was interested in finding information 
on his chosen topic, in order to produce results in a short a time as possible, he was 
prepared to first spend the time to establish how to use the tool.  This may be an 
indication that this participant had previously used Google or another search facility that 
is easy to use.  It is also possible that this participant may be fluent with using electronic 
databases as he takes the time to learn how to use tools before commencing a search. 
 
Another participant who appeared very interested in the tool was also experimenting to 
determine how it worked.  This participant spent a substantial amount of time reading 
the various screens and clicking on various elements such as the Rootza logo, tabs, the 






The participant asked the question: 
 
Gee, what happens if I want to type in my own terms, how do I do that, where 
can I do that? 
 
Without waiting for an answer the participant then went back to clicking all the pages 
and the researcher asked ‘What are you doing now?’ he replied: 
 
Trying to find where I type in my own terms because it is frustrating not being 
able to. 
 
Whether information seekers develop or use search terms that are based on the Library 
of Congress Subject Headings or those thesaural terms built into subscription databases 
is immaterial.  The teaching of the use of search terms by academic skills groups, 
library education programs and the like has created the situation whereby students, 
before undertaking information seeking, have learnt to locate or develop search terms.  
However, the success of information seeking and information literacy programs does 
not necessarily mean that all information seekers or those who are new to information 
seeking find it easy in developing those search terms.   
  
Issue 3  Use of own search terms 
 
The participant who was enrolled in the subject Organizational Management started 
using the search tool and selected Organizational Leadership.  He was typing his own 
search terms in the first field, then overwriting the pre-programmed search terms in the 
following two fields.   When the ‘Go Rootza’ button was pressed, the search produced 
results for the pre-programmed term Autocratic Decision Making instead of the 
participant’s search term which was American Democracy.  When the researcher asked 
whether the search was successful he asked: 
 






The  question was  answered by saying that the terms are already pre-programmed into 
the database.  He asked if there was going to be a facility whereby users would be able 
to use their own search terms and he was  advised  that this will be made available in 
future editions of the search tool’s program.  Being able to type in one’s own search 
terms is important for some information seekers as it allows for more control of the 
search process.  This researcher considers that electronic databases, library catalogues, 
online search tools, search engines and other such information seeking tools are driven 
by individual information seeking techniques which users find comfortable. 
 
Again, referring back to the provision of training by academic skills and library 
programs in information literacy and seeking, some people are accustomed to 
developing their own search terms.  To omit this facility from the online search tool 
could be deleterious and appears to be a limitation on user friendliness.  
 
Issue 4  Search term combination 
 
The showing of the three alternative search terms should be on the same page as 
when you select the first search term after you select your subject. 
 
This participant made this comment from the perspective of not only the web page 
design but also the design of the search tool itself.  The tool was originally designed to 
assist information seekers with learning the six steps of information seeking and also the 
six criteria for academic citation.  Moreover, the development of the online tool was 
guided by the need for it to also act as a thesaural database whilst providing core and 
alternative search terms for academic subjects. Thus, it was necessary to design the tool 
with pages that follow a logical sequence.  The first was to show the subject list, the 
second was to present the core concept terms and the third was to present the alternative 
search terms.  It was necessary for these three steps to logically appear to enable easy 








Because the online search tool was a newly devised invention, it was necessary to 
design the first three web pages to be simple, logical and appealing.  It was considered 
preferable to place the subject selection on the first page and the core search terms on 
the second page.  This was to enable ease of reading and scrolling through terms whilst 
providing a page that was uncluttered. The placing of alternative search terms on the 
third page was to allow for ease of reading and also to allow for the placement of the six 
steps of information seeking.  The second and third pages listed the six criteria for 
information seeking.  Because the research was based on these two lists, it was 
necessary to place them in a prominent position.  Therefore, the separation of the core 
concepts and the alternative search terms onto different pages was necessary to allow 
for the placement of the six steps and six criteria as well as allowing the web page to 
appear simple to use. 
 
Issue  5 Use of found information 
 
Another participant studying Media Production found a large number of materials 
related to their search and then asked: 
 
If I find all this stuff how can I use it? 
 
That this question was asked at all indicated to the researcher that perhaps this 
participant was not familiar with information seeking and the use of materials found.  
This participant may have been a new student who perhaps had not yet written his/her 
first assignment.  This leads to the question of whether the participant was familiar with 
some of the elements of information seeking such as determining the topic of the search, 
what information is to be looked for, where the information may be found, the best tool 
to use and has the information found provided the required result.  However, new 
students would use the online search tool not only for the provision of search terms but 
also because of the presence of the six steps of information seeking and the six criteria 






Issue 6 Removal of instructional list 
 
The participant who was studying automotive engineering at the Canberra Institute of 
Technology appeared to be in a hurry with the search.  The most definite statement he 
made was: 
 
I don’t want to look at the list of things like the search list and the citation 
criteria list, how do I get rid of them and make life simpler? 
 
This statement is an indication that the participant wanted to use the tool in the easiest 
way possible and did not see the importance of the six steps of information seeking and 
citation criteria.  However, once information seekers are aware of the steps and citation 
criteria is  it is necessary to permanently have them listed.  It may be worth considering 
the possibility of permitting the use of a ‘toggle’ facility enabling the presence of the six 
steps of information seeking and the six criteria for academic citation to be revealed or 
hidden on the web page as determined by users. 
 
The participant who was studying Public Relations also appeared irritated at the pages 
which listed the six steps of information seeking and the six criteria for citation of 
online documents.   
 
This is an easy thing to use and it finds lots of information I don’t think I could 
find on Google because Google produces sites of businesses selling things but, it 
would be easier and faster if you did not have those six steps there, they are not 
needed.  Besides, they are on two pages of the web site as well. 
 
This opinion was previously expressed by another participant.  However, it was 
explained that the tool is designed to help information seekers learn and follow the 
process of information seeking.  That is, establish what you are looking for, use the right 







Issue 7  Commercial web pages 
 
The participant who was enrolled in Library Studies was mainly experimenting with the 
combination of search terms and the selection of domains of .org, .gov and .edu.  When 
he had tried all combinations of the three search term fields in four subjects and the 
three selectable domains he asked the question: 
 
Oh ok…yep…but…what if I want the web pages that are commercial? 
  
In education, electronic databases and library catalogues are generally bereft of 
advertising and commercial promotions.  When information seekers revert to using a 
commercially available tool such as Google to find information, they may view 
advertisements on websites and some search engines. Because people use these tools 
regularly for either study or recreation, they become accustomed to them and sometimes 
find them interesting.  Although the online search tool is currently limited to 
organization, government and education domains, other commercial domains of .net, 
.com, and education domains of .ac.uk and .ac.nz will be added to the revised version of 
the tool.  
 
Issue  8 Not interested in the tool, wanted to use Google 
 
A participant who was studying Media Production asked the question: 
 
What good of this is to me?  Why am I doing this? Can’t I just use Google? 
 
This question prompts the asking of whether the tool is useful for all students or only 
those who are studying specific subjects.  It also prompts the thought that different types 
of studies for example educational studies that involve mathematics, the environment, 
arts and philosophy have different subject foci.  Mathematics can be highly statistical 
with numerical analyses being involved whilst being formula and process driven.  
Environmental studies have the focus on the observable and sometimes not observable 
physical world.  Art subjects can have the focus on history as well as creative design 




Therefore, it is worthwhile considering whether the online search tool is appropriate for 
information seekers studying in these areas.  It would be seen that the answer to this 
consideration may be positive as all academic and tertiary education has an element of 
expected theoretical and practical research in which information seeking, collection and 






5.16 Evaluation Summary 
 
Following further development after Phase 1 of the research, the Phase 2 evaluation of 
the online search tool was a continuation.  The second phase was an attempt to 
determine if the changes to the tool’s web page design, speed and addition of subjects 
had improved the experience of information seeking for participants. 
 
There were three research questions and the first was to evaluate if participants found 
the online search tool useful.  The data reveals that 45.4% percent thought the search 
tool useful but 18.2 percent said they would first have to learn to use the tool.  This is a 
positive response as it has provided the Rootza designer and developer a clear picture of 
what has to be improved.  Moreover, it has provided  evidence that the continual 
development and improvements are providing an online search tool that users will find 
helpful.   
 
The second research question asking participants what they had learnt using Rootza 
revealed that twenty-seven percent learnt some steps of information seeking and 
eighteen percent learnt how to use search terms.   
 
The third question asking if they would pay for using the search tool was varied. 
Overall, the majority said they would pay however one participant suggested that 
education providers should pay and a second participant said they would pay if there 
was no advertising.  
 
Within this Phase 2 Research, there were various issues identified by the participants 
and the themes were: graphic design of the tool; how the tool works; use of own search 
terms; search term combination; use of found information; removal of the instructional 
list; commercial web pages and; lack of interest in the search tool.  All of the participant 
thoughts and opinions of the tool have been used in the next developed version (Version 







Version 3 programming of the online search tool has become simplified in its 
algorithms as well as providing a mind map representation of the core search terms, 
sub-topics and related search terms.  The instructional list of the six steps of information 
seeking and the six criteria for citing of online documents has been removed and the 
mind map representation page also has provision for users to type in their own search 
terms.  The design of the tool’s web page is redesigned for easier use to provide more 
interest and there are also additional domains for user selection including commercial 
web pages.   
 
While the useful data from Phase 2 has added extra dimension to the research in 
providing extra information on participant viewpoint of the tool related to the design of 
the tool, how it works, the use of self developed search terms and combinations, use of 
information, the instructional list, commercial web pages and, using Google,  it has to 
be acknowledged that the evaluation had limited findings in terms of the research 
questions (a point to be addressed in the next chapter). 
 
The final chapter of this thesis is the Discussion and Conclusion and it will draw the 









6 Discussion and Conclusions 
 
6.1 Introduction and Research Problem 
 
This project was designed to answer the research question: ‘Can student information 
literacy knowledge and skills be improved by the use of a purpose built online 
educational tool designed to find relevant research information on the world wide web?’ 
The question was addressed in two ways.  The first was by building and combining the 
online search tool (Rootza) with a well-established and influential IL model (Bruce).  
The second was by developing and providing Rootza with core search terms from an 
academic subject, and then undertaking an experiment to ascertain its effectiveness as 
an educational tool.   
 
There were three sub-questions:  
 Can an online search tool improve student information seeking 
knowledge/skills?  
 Can an online search tool assist student identification of search terms?  
 Can an online search tool assist student evaluation of appropriate research 
materials? 
 
Research Aims and Research Problem 
 
The first aim of providing an online tool to teach the steps of information seeking to 
improve information literacy was addressed by embedding the Big 6 steps of 
information seeking in a prominent position on the online search tool’s webpage.  The 
six steps were visible on two web pages of the online tool and viewable whilst 
participants were looking for search terms.  The results of the experiment pre-test and 
post-test questionnaires suggested that experiment participants had learned more steps 
of information seeking than they had previously identified, although the small number 







The other aim of providing a teaching tool for student identification of core search terms 
was addressed by extracting subject core search terms from subject courseware and 
entering them into the online search tool database. 
 
The aims were reached by conducting the research in two phases.  Phase 1 consisted of 
the physical development of the online search tool and the experiment with participants 
who also provided their opinions of the tool.  Phase 2 was conducted a year later with 
additional participants who also provided their opinion of an updated Rootza program 
and web page.  Both Phase 1 and 2 revealed that the majority of the participants held the 
opinion that the tool’s design and method provided for simpler searching whilst 
achieving more focused results and thereby, saving time. Again, the small number of 
participants in both phases prevents any strong conclusion from being drawn. 
  
This thesis has argued that the implementation of information seeking tools in the 
digital environment in higher education may enhance and promote information literacy.  
The research has addressed the research question through the experimental results. 
Taking five faces from Bruce’s theoretical model and using them as a basis for 
developing the practical online search tool combined theory and practice in the 
experiment. There is insufficient evidence to say whether Bruce’s model has any 
empirical value but the positive response from participants suggests that the approach 









The research question: ’Can an online search tool improve students’ information seeking 
knowledge/skills?’ was addressed both in the literature review and the experiment.  The 
literature review suggested Bruce (1997) as an appropriate theoretical base to further the 
research into the development of the online core concept search tool with embedded 
information literacy instruction. The statistical evidence of this question is addressed via 
the result that shows an improvement of 13.5% in participant awareness of the six steps of 
information seeking. 
  
Bruce developed seven categories of information literacy: information awareness; 
successful retrieval; action and solution; future retrieval; personal knowledge base; new 
ideas; and wise use.  The online core concept search tool’s theoretical contribution and 
tool development has addressed five of these categories - information awareness, 
successful retrieval, action solution, future retrieval and personal knowledge base.  This 
study therefore attempted to add to Bruce’s theoretical design by encapsulating the five 
categories whilst providing a theoretical conception and development of a method and 
tool to enhance information literacy.   
 
There were two phases of the practical research. Phase 1 was the experiment and Phase 
2 was conducted via talk aloud protocols.  There were 37 participants in the experiment 
but because this was not a significant number it was determined to conduct Phase 2 as 
an attempt to gain additional numbers.  Unfortunately, this drew only 11 participants.    
 
The experiment was expected to gain a large number of international students or those 
from a NESB background.  In previous years the subject International Foundation 
Studies had a major cohort of these students however at the time of the experiment these 
numbers were negligible.  According to the research demographics, there were 31 
Australian born participants representing 83.9% and 1 each from Hong Kong, Lebanon, 
Macedonia, Poland, Sudan and the United States of America.  Thus it was not possible 




Of the Phase 2 participants, 10 were Australian and the remaining participant was from 
Lebanon. 
 
The data collected from the documents students found in the experiment detailed the 
authoritativeness of the information they found.  The examination of documents revealed 
how many held the date of authorship and/or date updated, name of author, name of 
organization and whether contact details of the author were provided  and so on but 
because of the small number it was decided to not mention it in the thesis.  However, if 
there were a greater number of participants and more data produced then the data would 
have better informed the research question.  
 
For the www search conducted for the experiment, it was initially planned to embed 
research questions into an academic assignment for the subject International Foundation 
Studies.  However, this was not possible because the assessment pieces had already 
been set. As well, the research design used for the study is a limitation in itself because 
it failed to generate a large number of participants and this affected the statistical 
significance of the outcome.  Therefore, a better research design was needed. 
 
In terms of successful retrieval, the Phase 2 evaluation revealed that 45.4% of 
participants found the tool helpful for finding information on the www. Again, sample 
size prevents any strong conclusion being drawn but the finding suggests that there is an 
indirect bearing on the research questions.  Phase 2 has a lack of relevance to the 
research questions however, if additional research questions such what effect does the 
design of an online learning tool to a user have and, what benefits do users gain from 
using tools such as Rootza and Google etc., this would have added additional 
information to this research. 
 
Similarly, in the category ‘information process’, the online core concept search tool’s 
information seeking instruction helped to encourage information seekers to think about 
their information seeking requirements and how they might be met.  The result of the 
Phase 1 experiment revealed that information awareness of participants, specifically 





In terms of ‘information control’ and Rootza’s provision of alternate search terms for 
future retrieval, information seekers using the online core concept search tool are not 
only controlling their searches by using subject core search terms but are creating search 
terms that in the future, will be added to the online core concept online search tool 
database.  An indication that participants saw a benefit in using the online core concept 
search tool may be seen in the Phase 1 participant opinions that the online search tool is 
‘useful’. 
 
There is provision for ‘knowledge construction’ in the online core concept search tool’s 
support for critical reflection and analysis.  This focuses on the information seeker’s 
personal knowledge base as the theoretical model determines that information seeking is 
a learning experience.  The learning experience is enhanced by the practical provision of 
the online core concept search tool with the six steps of information seeking and the six 
criteria for citing online materials.  Phase 2 participant opinions did not indicate whether 
or not they had learnt anything about the six criteria for citation of online documents but 
a component of the Phase 1 experiment was to establish participant knowledge of the 
six steps of information seeking by using a pre-test, post-test comparison. The results 
for identification of the six steps of information seeking for the experimental group pre-
test revealed that 8.1% of participants could identify some of the six steps of 
information seeking and the post-test result produced a result of 21.6%.  This was an 
increase in knowledge of the six steps of information seeking by 13.5%.   
 
The t-test result was p=0.056, a result that was not statistically significant.  Therefore, 
this result does not provide a clear indication that the online search tool has achieved its 
aim.  A recommendation from Phase 1 is that this type of experimental research needs 
to be conducted over a longer period, with a questionnaire that has more questions that 
could based on self evaluation of participants information knowledge and skills whilst 
incorporating the experiment so it is embedded in the curriculum. 
 
The Phase 2 evaluation was using the updated version of the online search tool with 
additional students.  The final question asked of the participants was: ‘What do you 
think you learned from this experiment?’  The participant responses were mainly related 
to the recognition that the six steps of information existed whereas previously the 
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participants had not heard of them.  There was an informal comment indicating that they 
were not aware of the amount of information available on educational and government 
websites.  Therefore, this is a positive indication that the students have learnt something 
from the evaluation and may encourage them to conduct www information seeking in a 
more considered manner in the future.  Although Phase 2 did not directly answer the 
research question there has been valid relevance and knowledge gained that was not 
gained in the Phase 1 experiment.  The Phase 2 participants provided far more insight 
on the design of the tool and how they used it.  Some of the ideas generated from Phase 
2 are; that the tool needs larger print for key points; and that the navigation was simple 
and easy to use.  What was more beneficial to find out however, was that some 
participants recognized the importance of using correct search terms and in turn, this 
meant that at least one participant was thinking of search terms.  As previously 
mentioned, Phase 2 shows a lack of relevance to the research questions however there is 
an indication that some students have a preference to also develop their own search 
terms, are interested in other methods of www searching and are curious about how 
some tools work.  Additionally, although they have a preference for Google, they are 
prepared to try other tools for online searching. Phase 2 does not produce evidence that 
the learning experience provided by Rootza and therefore, further research is required. 
 
6.3 Undergraduate student problems in finding research material 
 
In order to answer the second research question: ‘Can an online search tool assist students 
with identification of search terms? this was intended to show whether a purpose built tool 
for student use while conducting an online search would help the student determine 
appropriate search terms before undertaking a search.  In this it was necessary to examine 
the difficulties that students experience when information seeking and also information 
seeking behavior.  At the commencement of the experiment there were three research 
questions in which participants were asked to identify search terms.  For Question 1, the 
mean number for the experimental group pre-test was 1.6 this increased to 2.6 in the post 
test which was an increase of 1.0 which is an improvement.  For Question 2, there was a 
mean of 7.6 identified search terms and a post-test mean of 1.0 identified search terms and 
this is a mean decrease of 6.6 identified search terms and therefore is not an improvement.  
Question 3, follows the trend of Question 2 in that the experimental group pre-test number 
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of terms was 2.0 and the post-test was 1.0.  This is a decrease of 1.0 mean terms which 
tends to suggest that it is dubious that an online tool can help students develop search 
terms, or, the participants became either bored or tired. 
 
Information seeking as elaborated by Holsher and Strube (2000) and others in the 
literature review reveal that difficulties are encountered by both experienced and 
inexperienced information seekers.  Additionally, studies by Chapman (2002) at the 
University of Melbourne and the present researcher’s survey at the University of 
Canberra (2004) shows that information seekers turn to using the www and Google to 
source information.  There are also the added complexities of ‘invisible’ web pages not 
being found and differences in the English dialect. 
 
International students who are new to westernized educational methods can experience 
difficulties when encountering the digital environment.  Scholars such as Scheyvens, 
Wild and Overton (2003) and Badke (2002), advocate that support and additional 
assistance in various supplementary programs are needed in universities.  The additional 
support may be provided via the introduction of simplified digital search tools such as 
the online core concept search tool. The online core concept search tool has been 
designed with the three dialects of British English, Australian English and American 
English.  Jansen, Spink, Saracevic and Tefko (2000) stated that an online tool should 
have has an academic context. From this one could propose that if the tool is used for 
searching the www it should have subject core concepts included.  Field (1997) 
expresses the opinion that new communication tools may help international students, a 
point addressed and, to some extent, supported by this study. 
 
A substantial component of this research was participant search term identification.  The 
three research questions in Phase 1 were designed to provide data following the pre-test 
and post-test evaluation.  An increase in search term identification over the duration of 
the experiment was expected.  Participants identified search terms in the pre-test 
questionnaire and again in the post-test questionnaire. 
 
Comparing the Phase 1 control and experimental groups in answering the three research 
questions over the pre-test and post-test shows consistency in the results.  Question 1 




Question 3 showed a decrease in mean terms.  However, the result of the identification 
of search terms is not statistically significant if both groups are combined. 
 
Past research by scholars such as Weideman and Stumpfer (2004) and Saunders (2004) 
has shown that students prefer to use Google in preference to subscription databases.  
The result of this experimental project with the online core concept search tool and the 
accompanying participant supplied thoughts, opinions and feelings about the tool and 
the web page design indicated a positive response to the research tool.   
 
The post-test questionnaire for participant opinions for the online search tool in Phase 1 
revealed that the top three responses were: Significant 86.37%; Essential 86.36%; and 
Useful 77.73%.  The top three responses for the search tool’s webpage were: Useful 
82.67; Valuable 78.28% and; Significant 78.26%.  That the three top scores are above 
78% is an indication that the online search tool may be viewed favourably and 
therefore, may help address and accommodate information seekers and their online 
search behaviour which in turn leads to www information seeking success. Even if the 
small sample size is factored in, there is enough data to justify further work on the 





6.4 Undergraduate student problems in recognizing authoritative 
 research material 
 
The literature review addressed information seeking behavior and it was shown that 
information seekers must find online tools easy to use as well as being able to access 
online information that is credible and holds authority. 
 
To answer the research question: ‘Can an online search tool assist students with evaluation 
of appropriate research materials’ is intended to determine if a purpose built tool for 
student use will help students evaluate whether the information they find is suitable for 
academic use. To answer this question it was necessary to first examine information 
literacy tools, build the new online core concept search tool embedded with information 
literacy instruction and lastly, conduct an experiment to gauge the tool’s effectiveness. 
 
To determine the level of success of the instructional mode for the six criteria for online 
academic citation, the online sourced documents printed by the participants were 
evaluated.  The six criteria – evidence of being refereed; webpage regularly updated; 
sourced from university/organization/government department; author's credentials; 
reference or bibliographic list; and contact details of the author or organization 
responsible for the content – were not strongly represented in the evidence. 
 
Of the experimental group participants, 44.4% addressed one criterion, four participants 
22.2% addressed two criteria, 16.6% addressed three criteria and 22.2% addressed four 
criteria.  No participants addressed all six criteria.  Thus, the result shows that more 
participants addressed the criteria than addressed the steps of information seeking and 
identification of search terms; this indicates that they are more adept at identifying what 
www found material shows authoritativeness for academic use than they are at 
information seeking skills and the naming of search terms. 
 
Research on the evaluation of web pages had previously been conducted with academics 
and doctoral students by Reih and Belkin (2000) who focused their research on 
dimensions of information quality and information seeker cognition. The Reih and 
Belkin (2000) research revealed that human reasoning – predictive judgment and 
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evaluative decision making – plays a part in the evaluation of web pages for academic 
citation.  If materials appear to be from an authoritative source such as a university or 
scientific organization and also appear to be ‘authoritative’ and written in an academic 
style by a recognized authority, this plays a part in the predictive judgment process.   
 
Thus, the provision of an online search tool with the six criteria for citing online 
materials may be of benefit to information seekers.  It was necessary in the online 
search tool environment and experiment for those information seekers to be able to 
make value judgments.  Over the duration of the experiment the number of criteria 
addressed by the participants increased. 
 
Participants in the experimental group were measured to determine whether they could 
identify appropriate online documents to cite in an academic paper.  This was measured 
according to the number of criteria addressed.  
 
The results varied from 22.2% who addressed four criteria to 44.4% who addressed one 
criterion. No participant addressed five or all six criteria.  
 
The Phase 2 evaluation issues as stated or exhibited by participants did not reveal any 




6.5 Studies and evaluations of various solutions 
 
In order to add and answer the main research question: ‘Can student information literacy 
knowledge and skills be improved by the use of a purpose built online educational tool 
designed to find relevant research information on the world wide web’ it was necessary 
and prudent to examine other information literacy tools as well as to identify their features, 
benefits and deficiencies. 
 
The online core concept search tool that was developed for this research addressed 
information seeking and information literacy problems. There have been a number of 
information literacy tools and initiatives for transfer of information literacy knowledge. 
Field (1997) and Scheyvens, Wild and Overton (2003) state that student information 
seeking behavior may be enhanced by the development of computer programs that teach 
information seeking within the context of the www.  
 
Even allowing for small sample size, the results of this study suggest that information 
seeking tools and digital technologies are widely used by students.  As the statistics in 
this research reveal, 32.4% use library electronic databases ‘all the time’ or ‘often’ and 
16.2% use them ‘not often’ and 2.7% never use them.  It may be considered that 21.62% 
who used them ‘sometimes’ are the average information seekers who use a variety of 
information seeking tools whilst enhancing their information literacy and promote 
lifelong learning. This supports the decision to develop an educational tool that fosters 






6.6 Implications for Teaching Information Literacy 
 
There is the expectation that students, before being enrolled in a course, have a 
modicum of skills and experience and are able to interact with computer technology.  
Although new students may be skilled with basic word processing and browsing the 
internet, Biggs (1999) and Shuell (1986) asserted a number of years ago that this 
interaction will be important when higher education places a stronger focus on 
technology.  Marchionini (1995) and Lazonder and Biemans (2000) had established that 
a novice information seeker is one who has used the www or internet for less than a 
total of ten hours.  Overall, with the increased growth of computer usage, the 
classification of a novice information seeker has to be altered.  This alteration in 
education ensures that the concept is framed around primary or elementary school 
children who are embarking on the path of information literacy. 
 
In academia today, some people see Google in a negative way and not worthy of using 
for academic research. Google is a search engine that a large number of academics and 
students use as an alternative to electronic databases which indicates that it is indeed 
worthy if it helps students and other information seekers.  Higher education is doing 
what academics and scholars of information literacy recommend and as seen in the 
research of Yang, (2004) Kuhlthau, (1995), (1997), (2004) and Bruce, (1997) which is 
to increase the involvement of information literacy education and more e-engagement to 
enhance information literate people. This reinforces the need to develop a tool such as 
Rootza that teaches undergraduate students how to evaluate the material in their search 
results. Google Scholar has the benefit of providing on average a higher quality of 
search results than the general Google search engine but not all undergraduate students 
use Google Scholar as their first port of call. 
 
Development of information seeker knowledge, skill, perception and attitudes is 
supported by Kuhlthau (1995) and Ellsworth (2001).  This support indicates that the 
path to digital literacy may be becoming well trodden.  The results of this experimental 
research indicate that students searching for academic literature in an online 
environment may be well placed.  Moreover, venturing into the field of digital literacy 
whilst building a strong relationship with developing technologies enhances the 
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information seeker relationship with information seeking strategies.  However, there is 
an indication that more work is needed in this area of teaching or informing students of 
information literacy or e-literacy because of the poor results showing in this research for 
the six criteria for recognizing the authority of online academic materials. 
 
Within the literature Biggs (1999) and Schuell (1986) both express the viewpoint that it 
is fundamental to have engaging activities for students to encourage effective learning. 
It is also important to further the path of information literacy for students by enhancing 
literacy skills as put forward by Lennox and Walker (1993) and Webber and Johnston 
(2000). The enhancing of literacy skills was one of the factors driving the research and 
development of the online core concept thesaural database and search tool. 
 
The literacy standards of the American Library Association’s Presidential Committee on 
Information Literacy and the Association of Colleges and Research Libraries place an 
emphasis not only on the key areas of information literacy, but also on the development 
of other tools and theoretical paradigms such as Bruce’s seven faces of information 
literacy.  This study has attempted to take theoretical constructs of IL education further 
in the development of Rootza.  The development of the tool is aligned with those 
existing IL frameworks which encompass a six stage model of information seeking in 
which information seekers acknowledge a problem exists, identify it and explore it.  To 
rectify the problem, sources and tools are identified and then a decision is made to 
determine whether the tool is suitable to answer the information seeking question.  
Following this process, the information seeker collects, assimilates and presents the 
data.  These models informed the practical development of the online search tool used 
in this study.  It is hoped that this development has furthered the field of information 





6.7 Implications of the Research 
 
The implications of this research are exhibited in the provision of a method to inform 
users of the steps of information seeking and criteria for the evaluation of online 
documents in academia.  Additionally, the online core concept database and search tool 
is comprised of academic subject core search terms and suggested alternatives using 
contemporary language in the dialects of Australian-English, American-English and 
British-English.  These three English language dialects are intended to assist English as 
a Second Language students’ information seeking by using dialects of the English 
language with which they may be familiar. 
 
It is recognized and agreed that to strive for excellence in academia it is necessary to use 
academic subject language whilst practicing and encouraging a degree of academic 
rigor.  However, the university sector has changed whereby there are a significant 
number of courses aimed at educating for the professions.  Subjects such as 
Communication, Management, Marketing or Media and so on do not necessarily use a 
substantial number of terms that are specific to the subject.  Rather, terms used are often 
a part of contemporary natural language.  Additionally, although there can be a large 
number of terms often used in the media and as common verbal usage, these terms are 
not necessarily in electronic databases or subject classification lists.  
 
An advantage of the online search tool developed for this study is the provision of 
subject core search terms and alternatives to those terms. Furthermore, the tool restricts 
the online search to the three domains of .edu, .gov and .org.   This limitation on the 
domain provides more consolidated results when information seekers resort to using the 
internet to locate academic materials. The restriction eliminated the need for users to 
search commercial web pages that may not be particularly rich in academic information.  
An added value of the tool is the capacity for it to be expandable to any number of 
academic and non-academic subjects. 
 
Throughout the tool’s development and building process, it has become evident that 
there are others beside the higher education sector that will benefit. Those who may also 
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benefit are those from NESB backgrounds; people who are image or icon-directed; 
primary, secondary and tertiary students and educators; corporate, professional and 
business information seekers; as well as home computer users.  The tool has been 
remodeled, restructured and programmed with a large number of topics and subjects to 
address the needs of a wide variety of demographics such as age, culture and language.  
 
This thesis has argued that in order to provide up-to-date information seeking tools, it is 
necessary to ensure they fit in with recent technological developments and that the 
mores and common contemporary language of humans must be considered when 
designing such tools. 
 
The online core concept search tool research has effectively achieved its aim and shows 
some positive results when informing users.  Briguglio states (2000) that in a market 
economy it is necessary to provide education as a high quality product.  As such, the 
online search tool is such a product to support education.  Thus, this research has 
provided an educational product in the form of an ancillary tool that has implications for 
teaching information literacy. 
 
This research and thesis has also helped to address the concerns of Bruce (1997) in 
measuring the degree of student ‘engagement with information’.  The ‘engagement with 
information’ in this experiment was measured in the participant identification of search 





6.8 Limitations of the Study  
 
A major limitation within this experimental research has been the low number of 
participants.  Moreover, those participants did not match student demographics of the 
University of Canberra or Australian undergraduates generally. Another limitation was 
that the Phase1 experiment was conducted using only one subject area, although Phase 2 
was conducted with ten subject areas.  Phase 1 was conducted in a computer laboratory 
and Phase 2 was in the researcher’s office.  There was a difference in gender 
representation since Phase 1 was predominantly female and Phase 2 was predominately 
male.  For the www search conducted for the experiment, it was initially planned to use 
the research questions from an academic assignment for the subject International 
Foundation Studies.  The assessment pieces were already finalized however so other 
research questions had to be compiled for the experiment and this therefore was a 
limitation. 
  
Phase 2 of the research failed to provide relevance to the research questions for the 
study however, changing the focus from student opinion of the tool to examining how 
undergraduate students evaluate research results would have added to the relevance of 
Phase 2 to the main research question.  Also of benefit could have been the addition of 
extra sub-questions asking what effect does an online web tool design have on a user 
and what benefits are derived from using tools such as Rootza and Google might 
reasonably or partially address this.  The researcher was buoyed by the research and 
development of the inventive new tool and process for simple online academic 
information literacy and information seeking.  While the online search tool may at first 
appear simplistic, it has taken much time, effort, resources and creative will to obtain 
this apparent simplicity.  
 
Although the number of participants for the experiment was small, the ensuing 
experiment and results can act as an encouragement and catalyst for other researchers to 





6.9 Recommendations and Future Research  
 
There are three recommendations suggested by this research and thesis. 
 
The first recommendation is for all educational institutions in their junior and senior 
curriculum to teach both digital and non-digital information seeking skills that provide 
the basics such as the ‘Big 6’ that form the Six Steps of Information Seeking.  The 
second is for those educational institutions to find more effective ways in which to teach 
the recognition of materials appropriate for academic assignments rather than providing 
this as an instruction session. One of the ways is to include this in first semester, first 
year undergraduate academic assignments as an assignment on recognition of 
appropriate materials for academic use.  The third recommendation is to embed the 
steps of information seeking, recognition and development of search terms and 
recognition of authoritative materials into a subject and topic areas for each student 
commencing university for the first time.  This will help to alleviate the use of 
documents from inappropriate sources.  The rationale for this is that it will enable 
students to be better informed and provide them with a head start before commencing 
college and university. 
 
6.10 Significance and Contribution of the Research 
 
The significance of the research was based on the promotion of information literacy 
using the digital environment in the higher education sector.  
 
The significance, understanding and knowledge of the theoretical field of information 
literacy has been advanced through this research. This research has seen the conception, 
development, building and installation of a new research tool and a theoretical paradigm 
that, it is intended, complements Bruce’s seven categories of information seeking.  
Thus, it is hoped that other researchers in the future will be open to new, modern and 






It is also hoped that there will be acceptance of the utilization of people who are not 
necessarily computer specialists, to think about alternative digital technologies for 
education as it is those people (such as librarians, academics and students) who may be 
more versed in the practical side of digital information seeking tools for students.  It is 
often those in the mainstream working environment who know how to simplify tools 
and to design them in a simple and effective manner.  It is wise to consider not 
unquestionably accepting the norm of expecting specialists to find solutions to 
problems.  Rather, those who can find possible innovative solutions are those with 
fresh, open and critical minds.  It is this that will take education further and faster on the 
path to information literacy in the field of knowledge and education.  
 
The problem the researcher was attempting to address was initially threefold.  These 
three problems were: student lack of familiarity with the steps of effective information 
seeking, the recognition of appropriate search terms and the criteria for evaluation of 
online documents.  The research led to a fourth factor, that of the growing use of 
students using Google or another proprietary computer program or www tools to source 
academic documents.  This research and experiment suggested that the implementation 
of an online research tool with an informational component would assist students with 
information seeking techniques and this provides help with the identification of subject 
core concepts and thereby more comprehensive and relevant results for the student. 
 
To use a variation of the ‘horse and trough’ philosophy, if horses are indisposed to walk 
to the trough, is it not easier to entice them by placing the water where they can smell, 
taste and drink with less effort?  The provision of an intuitive online search tool as a 
positive compromise by library educators who advocate using subscription databases 
and student researchers who tend to use commercial tools such as Google, would see  
both entities having their information seeking needs addressed. Library educators are 
focused on library services and products but students shop around for their information 
and one of those major shopping centers is the internet.   
 
This discussion has attempted to address some of the broad areas of information 
literacy, digital technology in education, information seekers and information seeking 
strategies, the World Wide Web and web searching.  This has been in conjunction with 
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the empirical literature and the experimental results covering the knowledge of the six 
steps of information seeking, the identification of search terms, the six criteria for citing 
online materials and participant demographics. 
 
Another contribution to the research on information literacy and information seeking is 
the development of the online core concept search tool.  As the experiment could not be 
conducted without the development of the online core concept search tool there was a 
substantial amount of time, work and effort allocated to this task.  Time spent 
developing the online core concept search tool may be seen to be equivalent to the time 
spent on the empirical study, the experiment and the evaluation in total.  Thus, although 
the experiment may be viewed as not large, the fact that the tool itself was conceived 
developed and has undergone substantial growth and development and is widely 
available as an online tool for information seeking, is a substantial component of this 
research and thesis. 
 
6.11 Concluding Remarks 
 
This research has attempted to address the need for new e-research or digital learning 
tools in education.  It has shown both empirically and experimentally, that this has been 
addressed in part with the online core concept search tool.  It is an indication that 
heralds well for the growth of information literacy in the digital environment in 
Australian and international education. 
 
The development of a tool that has achieved ‘greater’ simplicity as postulated by 
Berners-Lee (2003) is supported by participant opinions and evaluation of the online 
search tool.  The evaluations revealed that participants felt they were interacting with 
the tool and that it would be of benefit to information seekers. Whether participants 
thought the online search tool was of possible interest or held an advantage was 
evaluated and this provided encouraging support for the further development of the 
online core concept search tool.  
 
The first step involved in organizing the conduct of the experiment was to arrange 
permission from the University Computing Centre to book a number of computer rooms 
in which to hold the experiment and have access to the tool provided.  The second step 
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was to consult with the Subject Convener of International Foundation Studies (which 
was seen as especially relevant to the study) to gain permission and assistance to enlist 
students enrolled in the subject to participate in the experiment.  The third step was to 
conduct a pilot test to ensure the online software was compatible with the University 
computers, the design of the questionnaire was appropriate and, the process worked.  
The fourth step was to enlist participants and the fifth step was to conduct the 
experiment. 
 
It is clearly acknowledged, as documented below, that the number of participants was 
disappointingly low.  This placed limitations on any conclusions that for the findings.  
 
There would have been more relevance provided to the research questions if additional 
sub-questions related to Phase 2 were included and both phases conducted again at a 
later date. With the increased number of participants from other universities and 
educational institutions, this would produce results that provide more validity than those 
previously produced.   
 
Alternatively, a different research design could be implemented in the form of an 
academic assignment as a component of the subject area and student assessment.  This 
therefore means that all students in the subject International Studies Foundation would 
be participating in the experiment, however, it would be a component of their normal 
assessment work.  Initially, this was put forward to the International Foundations 
Studies Course Convener and was discounted for two reasons. The first was that the 
assignments for the semester were already planned and in place and the second was that 
it was not aligned with the then current curriculum.  
 
As a result of the lack of participants for the experimental phase of the research, an 
extra phase of data gathering was designed in the form of Phase 2 and  this was aimed at 
establishing what participants thought of the core concept thesaural database and search 
tool. While the information gathered in Phase 2 could not answer the research questions 
directly, its relevance to the study is that it has some bearing on student acceptance of 
the search tool designed for the study and therefore on its potential use as an educational 





To provide relevance to the study, it was hoped that the three sub-questions ‘Can an online 
search tool improve student information seeking knowledge/skills’, ‘Can an online search 
tool assist students with identification of search terms’ and ‘Can an online search tool 
assist students with evaluation of appropriate research materials’ were going to provide 
some form of answer in Phase 2.  Because the Phase 2 students firstly said nothing about 
the benefits of being provided with search terms instead of developing their own this 
provided little relevance to the study and research. 
 
In order to gain further understanding and statistical evidence it would be worthwhile 
conducting the experiment again and  use the questionnaire to ask participants if they were 
interested in learning information seeking skills.  
 
Continual development of the tool is taking place.  Besides the programming 
engineering improvements in the online core concept search tool’s algorithms and 
structure, there is also the addition of core, sub-topic and related terms being added.  
There are currently more than fourteen million core, sub-topic and related search terms 
and more than one hundred and twenty million relationships between those terms. 
Moreover, the web page is undergoing substantial redesign in order to present an online 
tool that is vastly different in its application and user appeal while having a strong 
leaning towards academic and professional fields.  With these substantial improvements 
in the online core concept search tool, and the expected growth of its usage in academia, 
it is hoped that the limits placed on this research by a lack of participants may be 
overcome as future studies of this nature  are conducted with other newly devised 
research tools as they become more widely used.  Education is a lifelong learning 
experience, as was this experiment, and this researcher found that the path leading to the 
development of the tool and experiment provided a major learning experience. 
 
It is hoped that this research will be continued and will see the development of other 
online tools to assist students, thereby furthering research on information literacy in the 
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 Participant Information Form 
 
Project Title: World Wide Web Technology: A Thesaural Method and Tool for 
Educational Knowledge Enhancement in the Field of Information Literacy 
 
Researcher:  Ms Victoria Redfern, Grad.Dip. Professional Development Education, M. 
Educational Leadership, PhD (Education) Candidate, Division of Communication, 
School of Education and Community Studies, University of Canberra.   
Primary Supervisor: A/Prof Peter Clayton, Library and Information Studies, Division of 
Communication and Education. 
Project Aim: The research aim is to evaluate the educational method and learning 
benefits of an online information seeking teaching tool when combined with a prototype 
core concept subject specific contemporary language thesaurus whilst searching the 
www for academic literature.  This thesis is based on the substantive area of 
information seeking and the development, testing and operationalization of the online 
thesaucratic database to verify the advantages of the technological tool to the 
academic research community. 
Benefits of the Project: The objective of the research is to develop and test a core 
concept subject specific thesaurus as a teaching tool which will benefit students 
overcome the difficulties using databases, library catalogues, on-line journals and the 
internet because of the lack of consistency in terminology, search terms and various 
ways of searching for materials.  
General Outline of the Project:   The experiment on the www and the core concept 
thesaurus will take place during Semester 1 2006.  Only students enrolled at the 
University of Canberra are permitted to participate.       
Before using the online search tool, participants will be asked to complete a post-test 
questionnaire and after using the tool they will be asked to complete a post-test 
questionnaire. Results of the experiment will be published in a thesis and lodged in the 
University of Canberra Library.  Participants, if they advise the researcher will be sent a 
copy of these results if they indicate this on the Consent Form.  It is also anticipated 
that the results may be published in the university publication ‘Monitor’.  
Participant Involvement: To test the thesaurus, participants will be seated at a 
personal computer in a computer laboratory at the University of Canberra.  Participants 
will be permitted to research any research question from the research questions in pre-
test questionnaire using the online tool.  Participants will access the thesaurus 
database (known as ‘Rootza’) and access the www to find academic literature on the 
www.  




All participants will be able to print out any materials they find using the thesaurus 
database and the www.  Additionally, all participants will be provided with a minimum 
six months free online access to Rootza for the period commencing the date of the 
experiment.  
Explanations of the experiment will be given to participants in both verbal and written 
form.  No marks or academic grading assessment is taken on the questionnaire or the 
results produced in the experiment.  No information on participant ‘hits’ on web sites 
will be provided to anyone other than the participant who makes the ‘hit’.  No 
participant names are gathered nor used during the enlisting of those participants nor 
in the results produced.  All participants will be allocated a unique number and access 
passcode for Rootza upon the signing of the Consent Form.  
The experiment is voluntary and any participants may, without any penalty, decline to 
take part or withdraw at any time without providing an explanation, or refuse to answer 
a question. 
Confidentiality: The only person to have access to the documentation is the 
researcher for this research project. 
Anonymity: There will be no names or student identification numbers used.  No details 
of materials accessed on the internet will be passed on to any lecturer, tutor or staff 
member.  All participants will be anonymous.  
Data Storage: All documentation will be kept in a locked safe during the experiment 
and research period after which it will be transferred to a locked filing cabinet in a 
locked area of the University of Canberra for a period of five years, after which the 
documentation will be destroyed. 
Ethics Committee Clearance: This research project has been approved by the 
Committee for Ethics in Human Research of the University.   
Queries and Concerns: If there are any queries or concerns on the project, the 
researcher may be contacted via telephone 0403 620074, email; 
phdaero@optusnet.com.au or fax 6255 1946 or alternatively the researchers supervisor, 
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I have read and understood the information about the research. I am not aware of any condition that would 
prevent my participation, and I agree to participate in this project. I have had the opportunity to ask 
questions about my participation in the research. All questions I have asked have been answered to my 
satisfaction. 
 
Name…………………………………           Signature……………………………… 
Date …………………………………. 
 
A summary of the research report can be forwarded to you when published. If you would like to receive a 















There are three sections in this questionnaire.  The first is to establish your background, the second 
is to establish your computer experience and the third is to establish your information seeking skills 
and preferences. 
 
SECTION 1: Preliminary Information 
 
                                                       15-19    20-24   25-29   30-34    35-39   40-44   45-49   50+   
1. What is your age group?   [      ]    [      ]    [      ]   [       ]    [      ]    [      ]   [      ]   [      ] 
2. Gender:……………………………........................................................................................ 
3. In what country were you born:……………………………................................................... 
4. In what country did you receive your primary education………………………………........ 
5. In what country did you receive your secondary education:……………………………........ 
6. In what country do you permanently reside:…………………………................................... 
7. How many years have you lived in Australia:……….…………………................................. 
8. What course are you enrolled in at the University of Canberra:…………............................. 
9. How many subjects have you completed:…………………………………............................ 
10 Are you a full time or part time student:……………………………...................................... 
11. Were you born and educated only in Australia:      Yes  [  ]     No   [   ]       
 
SECTION 2: Participant Expertise - Language 
12. What is your first language:…………………………….......................................................... 
13. What is your second language if any:……………………………........................................... 
14. What language do you speak in your house where you live now……………......................... 
15. (If Applicable) When you arrived in Australia, was your English language skill:  
  
             1         2         3 









ONLY COMPLETE THIS QUESTION IF YOU WERE NOT BORN IN AUSTRALIA 
PLEASE TICK ONE RESPONSE FOR EACH QUESTION 
1 = Very Good,    2 =Good,    3 = Average,     4 =  Poor ,    5 = Very Poor 
 
                        1        2          3            4            5 
18. Is your English now:                               [   ]          [   ]         [   ]         [   ]         [   ] 
19. Is your reading ability in your First language:         [   ]          [   ]         [   ]         [   ]         [   ] 
20. Is your writing ability in your First language:          [   ]          [   ]         [   ]         [   ]         [   ] 
21. Is your listening ability in your First language:        [   ]          [   ]         [   ]         [   ]         [   ] 
22. Is your reading ability in your Second language:      [   ]          [   ]         [   ]         [   ]        [   ] 
23. Is your writing ability in your Second language:      [   ]          [   ]         [   ]         [   ]         [   ] 
24. Is your listening ability in your Second language:    [   ]          [   ]         [   ]         [   ]         [   ] 
 
 
SECTION 3: Computer Technology 
 
25. Do you have a computer at home?         Yes [     ]          No [    ] 
 
26. On average, how many hours a week is your computer use?  [     ]     [    ]    [     ]     [    ]    [    ] 
     Number of hours                            1-10   11-20  21-30   31-40   41-50 
 
27. Do you mainly use the computer for study or recreation? (Tick One)  
   Study    [    ]   Recreation    [    ]                     
 
28. On average, how many hours a week do you use it for study or recreation? 
[    ]       [     ]       [     ]       [     ]      [    ] 
Number of hours        1-10      11-20     21-30     31-40     41-50 
 
29. Do you use a computer at university?     Yes   [   ]          No    [    ] 
 
30. On average, how many hours a week do you use a computer at university? 
             [    ]       [    ]        [     ]       [     ]      [    ] 
Number of hours                      1-10      11-20     21-30      31-40     41-50 
 
 
                                                 PLEASE CONTINUE TO PAGE 3 
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For Finding Information,  do you CURRENTLY use: 
(PLEASE TICK ONE RESPONSE FOR EACH QUESTION) 
 
           All the Time      Often     Sometimes    Not Often   Never 
                  1                   2                 3                4               5 
31. Library electronic database  [   ]               [    ]             [   ]            [   ]            [   ] 
32. Library electronic journals  [   ]               [    ]             [   ]            [   ]            [   ] 
33. Library e-reserve collection  [   ]               [    ]             [   ]            [   ]            [   ] 
34. Netscape    [   ]               [    ]             [   ]            [   ]            [   ] 
35. Microsoft Explorer   [   ]         [    ]             [   ]            [   ]            [   ] 
36. Google     [   ]         [    ]             [   ]            [   ]            [   ] 
37. Another internet search tool  [   ]         [    ]             [   ]            [   ]            [   ] 
 
(Please write name of other internet tool here……………………………….............) 
 
 






















40.  Are you familiar with the steps of information seeking?   Yes   [      ]     No   [    ]     Sort of     [    ]   
 
 












During the experiment, there are three questions you will be asked to research on the world wide 
web (www). 
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During the experiment, there are three questions you will be asked to research on the world wide 
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C1XX     POST-TEST QUESTIONNAIRE 
 
During the experiment, there were three questions you were asked to research on the world 
wide web (www). 
 
In the spaces following the questions below, please write down the search terms you 
remember using for the questions you researched during the experiment. 
 













What does the concept of intercultural awareness mean to Australians?  





Can Australia be simultaneously colonial and post-colonial in its attitude to the indigenous 
population? 
Search terms you remember using:...………………………………...……………………… 
 
………………………………………………………………………………………………. 





























THANK YOU FOR COMPLETING THIS QUESTIONNAIRE 








E1XX     POST-TEST QUESTIONNAIRE 
 
During the experiment, there were three questions you were asked to research on the world 
wide web (www). 
 
In the spaces following the questions below, please write down the search terms you 
remember using for the questions you researched during the experiment. 
 













What does the concept of intercultural awareness mean to Australians?  





Can Australia be simultaneously colonial and post-colonial in its attitude to the indigenous 
population? 





























Your thoughts, feelings, attitudes and viewpoint of the Online Core Concept Subject 
THESAURUS is an important factor to the research 
 
 
5.0 PLEASE PLACE AN ‘X’ IN THE PLACE THAT REFLECTS YOUR OPINION 
 
 
                                       1      2        3       4    5 6       7 
 
5.1 Important       ____:____:____:____:____:____:____ unimportant 
 
5.2 irrelevant       ____:____:____:____:____:____:____ relevant 
 
5.3 useless            ____:____:____:____:____:____:____ useful 
 
5.4 valuable         ____:____:____:____:____:____:____ worthless 
 
5.5 beneficial      ____:____:____:____:____:____:____ not beneficial 
  
5.6 matters to me  ____:____:____:____:____:____:____ doesn't matter to me 
 
5.7 uninterested    ____:____:____:____:____:____:____ interested 
 
5.8 significant      ____:____:____:____:____:____:____ insignificant 
 
5.9 boring            ____:____:____:____:____:____:____ interesting 
 
5.10 unexciting     ____:____:____:____:____:____:____ exciting 
 
5.11 appealing        ____:____:____:____:____:____:____ unappealing 
  
5.12 mundane         ____:____:____:____:____:____:____ fascinating 
 
5.13 essential          ____:____:____:____:____:____:____ nonessential 
 
5.14 undesirable     ____:____:____:____:____:____:____ desirable 
 
5.16 wanted            ____:____:____:____:____:____:____ unwanted 
 
5.17 not needed      ____:____:____:____:____:____:____ needed 
 
 




PLEASE CONTINUE TO PAGE 3 
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Your thoughts, feelings, attitudes and viewpoint of the THESAURUS WEB PAGE 
is also an important factor to the research. 
 
PLEASE PLACE AN ‘X’ IN THE PLACE THAT REFLECTS YOUR OPINION 
 
 
                                       1      2        3       4    5 6       7 
 
5. Important       ____:____:____:____:____:____:____ unimportant 
 
6. irrelevant       ____:____:____:____:____:____:____  relevant 
 
7. useless            ____:____:____:____:____:____:____ useful 
 
8. valuable         ____:____:____:____:____:____:____ worthless 
 
9. beneficial      ____:____:____:____:____:____:____ not beneficial 
  
10. matters to me  ____:____:____:____:____:____:____ doesn't matter to me 
 
11. uninterested    ____:____:____:____:____:____:____ interested 
 
12. significant      ____:____:____:____:____:____:____ insignificant 
 
13. boring            ____:____:____:____:____:____:____ interesting 
 
14. unexciting     ____:____:____:____:____:____:____ exciting 
 
15. appealing        ____:____:____:____:____:____:____ unappealing 
  
16. mundane         ____:____:____:____:____:____:____ fascinating 
 
17. essential          ____:____:____:____:____:____:____ nonessential 
 
18. undesirable     ____:____:____:____:____:____:____ desirable 
  
19. wanted            ____:____:____:____:____:____:____ unwanted 
 
20. not needed      ____:____:____:____:____:____:____ needed 
 
 




THANK YOU FOR COMPLETING THIS QUESTIONNAIRE AND EXPERIMENT  
PLEASE PASS THIS FORM TO THE ORGANISER 
